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I.  INTRODUCTION 


The  data  which  will  be  presented  in  this  report  describes  the  deviation  of 
the  windspeed  and  direction  from  Berlin  to  Lindenberg,  Germany,  which  are  ap¬ 
proximately  35  miles  (56  km)  apart.  The  monthly  statistics  form  a  unique  data 
set  because  other  research  has  consisted  of  deriving  wind  variation  in  terms 
of  rectangular  components  (i.e.,  zonal  and  meridional  windspeed),  and  because 
it  is  a  long-term  climatology  of  the  horizontal  wind  variation.  The  litera¬ 
ture  review  addresses  the  dominating  theme  of  wind  variability  research  that 
has  appeared  in  the  literature,  including  reference  to  other  formulations  of 
variability.  In  light  of  the  attempt  to  relate  temporal  to  spatial  variations 
on  a  theoretical  (Gage,  1979)  and  experimental  (Jasperson,  1982)  basis,  tem¬ 
poral  variability  is  briefly  discussed. 

In  the  final  section  spatial  wind  variability  statistics  are  presented  in 
monthly  and  seasonal  summaries.  The  results  show  the  frequency  and  cumulative 
frequency  distributions  of  the  windspeed  differences  (scalar  shear),  wind  di¬ 
rection  differences  (angular  differences),  and  vector  shear  at  the  following 
constant  pressure  levels:  Surface,  1000  mb,  850  mb,  700  mb,  and  500  mb.  The 
corresponding  50,  90,  95,  97.5  and  99  percent  values  of  the  scalar  shear,  an¬ 
gular  differences,  and  vector  shear  for  each  of  the  five  constant  pressure 
levels  are  also  provided. 

Some  of  the  major  results  are  the  seasonal  variation  of  the  vector  shear 
and  angular  differences  between  Berlin  and  Lindenberg.  E.g.,  the  99  percent 
value  of  the  vector  shear  between  the  two  locations  at  the  500  mb  level  (ap¬ 
proximately  5.5  km)  is  21  knots  for  summer  as  compared  to  44  knots  for  winter. 
The  seasonal  variation  of  the  vector  shear  was  found  to  be  considerably  less 
at  the  lower  levels.  At  the  850  mb  level  (approximately  1.5  km),  the  99  per¬ 
cent  value  of  the  vector  shear  averaged  22  knots,  with  a  seasonal  variation  of 
16  knots  (summer)  to  24  knots  (fall).  The  angular  differences  were  found  to 
decrease  with  height.  At  500  mb,  the  95  percent  values  of  the  angular  differ¬ 
ences  for  the  Individual  seasons  were  all  near  35  degrees,  whereas  at  1000  mb 
(near  the  surface),  the  95  percent  value  showed  a  variation  of  between  60  de¬ 
grees  (winter)  and  90  degrees  (summer). 


II.  MESOSCALE  MODELLING 


Mesoscale  meteorology  has  received  considerable  attention  over  the  past 
several  years,  and  inteiest  does  not  appear  to  have  abated.  Although  defi¬ 
ciencies  in  our  meteorological  knowledge  of  the  mesoscale  have  been  acknowl¬ 
edged  for  some  time,  lack  of  financial  resources  have  often  been  the  limiting 
factor  in  gathering  such  data.  Measurement  techniques  to  accurately  resolve 
spatial  and  temporal  variations  of  meteorological  quantities  such  as  the 
three-dimensional  wind  field  are  very  expensive  and  require  specialized  ob¬ 
serving  networks  (e.g.,  Myrup  et.  al,  1982,  Wendell,  1972,  Young  and  Johnson, 
1984;  Shreffler,  1979,  Olsen  et.  al,  1985,  Ryan  et  al.,  1985). 

Mesoscale  Information  is  required  for  various  goals,  e.g.,  to  refine  syn¬ 
optic  scale  numerical  weather  prediction  models.  Indeed,  numerous  high  reso¬ 
lution  models  have  been  developed  to  forecast  atmospheric  motions  on  local 
scales  (e.g.,  30  to  300  km).  Models  to  quantitatively  predict  precipitation 
(Perkey,  1976)  and  the  onset  of  sea  breezes  (Pielke,  1974)  have  appeared  in 
the  literature.  A  non-hydrostat Ic  model  for  mesoscale  studies  was  introduced 
by  Tapp  and  White  (1976),  and  later  used  by  Carpenter  (1979)  and  Carpenter  and 
Lowther  (1981)  to  perform  a  sensitivity  analysis  of  the  initial  conditions 
used  in  predicting  the  mesoscale  wind  field. 

The  mesoscale  wind  field  has  been  singled  out  as  the  most  important  mete¬ 
orological  parameter  in  modelling  air  quality  (Myrup  et  al.,  1982).  Diffusion 
meteorologists  have  devoted  much  of  their  attention  to  the  repercussions  of 
the  verctcal  variation  of  the  wind  on  atmospheric  diffusion.  In  contrast,  the 
horizontal  variability  of  the  mesoscale  wind  In  the  boundary  layer  has  re¬ 
ceived  considerably  less  study  (Slade,  1968),  despite  analytical  studies  of 
atmospheric  diffusion  equations  which  show  that  the  effect  of  wind-shear  on 
horizontal  dispersion  becomes  Important  beginning  at  least  5  km  from  the 
source  (Tyldesley  and  Walllngton,  1964).  This  is  because  micrometeorologists 
have  often  considered  boundary-layer  structures  to  be  homogeneous  in  the  hori¬ 
zontal,  thus  neglecting  horizontal  variability  and  therefore  reducing  the 
boundary-layer  model  to  essentially  an  array  of  one-dlmenslonal  models  without 
horizontal  coupling  (except  that  the  boundary  conditions  are  horizontally 
coupled).  Barr  and  Kre'tzberg  (1975)  studied  the  role  of  horizontal  variabil¬ 
ity  in  boundary-layer  modelling  by  analyzing  simple  models  in  which  surface- 
induced  effects  decrease  exponentially  with  height  as  a  function  of  horizontal 
wind,  horizontal  wave  number  of  the  surface  irregularities,  and  the  eddy  d i f  — 
fusivity.  Their  analysis  of  a  steady-state  balance  between  horizontal  advec- 
tion  and  vertical  diffusion  demonstrated  (quantitatively)  how  models  with 
finer  horizontal  resolution  Improved  resolution  on  the  vertical  scale,  allow¬ 
ing  for  better  predictions  close  to  the  surface.  This  may  be  useful  In  pre¬ 
dicting  mixing  depths  for  air  pollution  warnings.  Their  model  Involves  a 
passive  scalar  quantity  and  cannot  be  used  to  predict  the  orographic  effects 
on  the  wind  field. 


III.  MESOSCALE  WIND  FIELD 


Diagnostic  dynamical  studies  of  the  three-dimensional  structure  of  fron¬ 
tal  systems  have  revealed  notable  variations  in  structure,  particularly  paral¬ 
lel  to  the  surface  front.  Roach  and  Hardman  (1975)  studied  warm  fronts  and 
rainbands  by  deploying  dropsondes  every  30  km  for  about  300  km  parallel  to  the 
surface  warm  front,  the  second  near  2  km  overriding  the  first  at  an  angle  of 
about  50  degrees.  They  identified  a  sloping  band  (approximately  1  in  200) 

1  km  deep  of  maximum  direction  shear  roughly  coinciding  with  maximum  windspeed 
in  the  lower  portion  of  the  warm  frontal  zone.  The  low-level  jet  marks  an 
apparent  transition  between  a  predominantly  westerly  flow  and  southerly  cur¬ 
rent  of  cold  air  ahead  of  the  warm  front.  This  was  inferred  from  their  Fig. 

4,  in  which  a  westerly  jet  of  27  m/sec-'  between  1.5  and  2.0  km  lies  above  a 
southerly  jet  of  maximum  windspeeds  in  the  vicinity  of  0.6  km. 

James  and  Browning  (1979)  evaluated  the  mesoscale  structure  of  line  con¬ 
vection  at  surface  cold  fronts  on  scales  ranging  from  several  km  to  over  100 
km.  Most  often  the  line  convection  is  broken  into  variable  size  elements  sep¬ 
arated  by  smaller  gaps,  as  opposed  to  a  simple  two-dimensional  structure.  The 
passage  of  a  line  element  usually  consists  of  brief  downpours,  a  drop  in  tem¬ 
perature  and  windspeed,  sudden  change  in  wind  direction,  and  pressure  jumps. 
The  elements  were  found  to  disintegrate  and  then  merge  together  again  on  time 
scales  of  a  few  minutes  to  a  few  hours.  The  authors  highlighted  certain  com¬ 
mon  features  of  the  line  elements,  e.g.,  that  they  are  always  oriented 
slightly  clockwise  with  respect  to  the  surface  cold  front.  Elements  of  dif¬ 
ferent  sizes,  however,  moved  in  the  same  direction  wit!)  a  component  parallel 
to  the  front  in  the  direction  of  the  low-level  jet  which  occurred  ahead  of  the 
front.  One  of  the  consequences  of  line  convection  is  often  strong  horizontal 
shear  as  large  as  10-2  sec-',  e.g.,  a  change  of  25  m/sec-'  over  3.5  km,  which 
is  important  to  those  concerned  with  the  dynamics  of  low-level  flight.  lames 
Browning  (1979)  lists  the  maximum  vector  wind  shear  observed  as  elements 
passed  over  anemometers  at  10  m  to  range  from  0.3  to  1.2  x  sec-'. 

Attention  is  called  that  the  unit  second-'  used  for  wind-shears  can  he 
misleading.  As  pointed  out  by  Essenwanger  (1963)  no  linear  t runs f ormat i on 
from  one  shear  interval  (horizontal  or  vertical)  is  valid. 

The  passage  of  a  shallow  cold  front  over  complex  terrain  was  malvzed  hv 
Young  and  Johnson  (1984)  using  a  surface  mesonetwork  of  22  stations  (spaced 
approximately  40  km  apart)  and  the  National  Oceanic  and  Atmospheric  Adminis¬ 
tration  (NOAA)  Boulder  Atmospheric  Observatory  (BAO)  tower,  which  was  instru¬ 
mented  with  sonic  anemometers  at  8  levels  up  to  loo  in.  Eddies  formed  in  t  he 
lee  of  topographic  harriers  while  otiier  portions  of  the  front  escaped  across 
the  eastern  plains,  including  a  passage  of  the  cold  front  from  the  east  at 
some  stations.  Time-height  cross-sections  of  u-  and  w-  wind  components  at  t he 
BAO  lower  are  presented,  supplemented  by  a  horizontal  space  scale.  Their 
t 1 me-to-snace  conversion  was  based  on  a  frontal  speed  of  approximately 
10  m/sec-'  in  a  direction  perpendicular  to  the  front  is  derived  from  the 
mesonetwork.  A  current  of  cold  air  at  50  to  100  m  overtaking  the  front  from 
behind,  essentially  wedged  in  between  the  surface  friction  Inver  and  the  tur¬ 
bulent  layer  within  the  frontal  zono ,  were  Ident  I  Mod  hv  Young,  and  Johnson 
(1984)  as  features  similar  to  atmospheric  gravity  currents.  The  transition 
between  syn-opt i c-sca 1 e  air  masses  can  occur  on  space  and  time  scales  as  small 


as  100  m  and  10  sec,  respectively.  These  phenomena  (microscale  turbulence, 
strong  windshears)  are  beyond  the  resolution  capabilities  of  synoptic-scale 
networks . 

Nappo  (1977)  analyzed  the  mesoscale  wind  field  over  complex  terrain 
during  the  Eastern  Tennessee  Trajectory  Experiment,  a  study  motivated  by  the 
interest  in  the  long-range  transport  and  diffusion  of  sulfates  in  the  East. 

The  decrease  in  plume  concentration  over  complex  terrain  has  been  partially 
attributed  to  horizontal  wind  variability.  The  data  in  this  study  were  ob¬ 
tained  from  a  combination  of  meteorological  towers  and  single-theodolite  pilot 
balloon  wind  soundings.  Nappo  (1977)  concluded  that  during  stable  conditions 
the  variability  was  substantial  and  strongly  influenced  by  the  terrain,  while 
during  unstable  conditions  the  variability  was  considerably  less. 

One  interesting  facet  of  the  urban  effects  on  weather  is  the  difference 
in  urban  and  rural  winds.  This  lively  discussion  has  often  centered  around 
Project  METROMEX,  a  study  which  addressed  mesoscale  wind  differences  in  the 
St.  Louis,  Missouri,  area.  Wong  and  Dirks  (1978)  used  aircraft  data  to  por¬ 
tray  the  wind  field  at  450  m  on  three  summer  afternoons.  Their  data  appar¬ 
ently  supports  the  hypothesis  of  wind  accelerating  towards  the  city  under  a 
strong  heat  island  accompanied  by  light  winds  which  are  below  a  threshold 
value,  and  wind  accelerating  away  from  the  city  under  weaker  heat  island  with 
strong  winds. 

Earlier  Project  METROMEX  case  studies  (Spangler  and  Dirks,  1978)  exam¬ 
ined  the  variations  of  moisture  and  temperature  inversion  height  in  the  metro¬ 
politan  St.  Louis  area  by  acquiring  aircraft,  lidar,  pilot  balloon,  and  radio¬ 
sonde  data.  However,  only  the  average  low-level  winds  and  average  winds  above 
the  Inversion  layer  for  the  region  are  mentioned,  and  horizontal  wind  varia¬ 
bility  is  not  discussed. 

A  study  known  as  the  Regional  Air  Monitoring  System  (RAMS),  a  network  of 
17,  30  m  towers,  was  also  performed  in  the  St.  Louis  region  to  elucidate  dif¬ 
ferences  between  urban  and  rural  windspeed  and  direction.  Shreffler  (1979) 
examined  these  data  and  found  that  for  strong  heat  Islands,  the  rural  wind- 
speed  always  exceeds  the  urban  windspeed,  whereas  only  under  a  weak  heat  is¬ 
land  and  nearly  calm  winds  (windspeed  less  than  1.5  m/sec)  was  the  urban  wind- 
speed  somewhat  higher.  This  result  caused  Shreffler  (1979)  to  cast  doubt  on 
the  concept  of  a  generalized  critical  mesoscale  windspeed  (below  which  wind- 
speed  is  higher  in  the  city). 


IVA.  SPATIAL  WIND  VARIABILITY 


Although  wind  variability  has  primarily  been  discussed  on  the  synoptic 
scale  (i.e.,  hundreds  of  kilometers),  a  number  of  researchers  have  concerned 
themselves  with  mesoscale  wind  variability.  Gabriel  and  Bellucci  (1951)  using 
double  theodolites  and  Plagge  and  Smith  (as  reported  in  Ellsaesser,  1969) 
using  GMD  1-a  rawins  and  SCR-584  radars  during  the  mid-50's  studied  time  vari¬ 
ability  on  an  hourly  basis.  Within  the  last  several  years,  data  available 
from  the  METRAC  system  (Gage  and  Jasperson,  1979,  Jasperson,  1982a  and  b)  and 
the  40  MHz  Sunset  radar  (Gage  and  Clark,  1978)  have  been  used  to  evaluate  wind 
variability  over  time.  Spatial  wind  variability,  which  is  the  topic  of  this 
report,  has  been  studied  by  Danard  (1965),  Lenhard  (1973),  and  Jasperson 
(1982),  on  spatial  scales  out  to  48  km,  16.25  km,  and  20.9  km,  and  20.9  km, 
respectively.  In  addition,  Nappo  (1977)  reported  area-averaged  statistics  of 
horizontal  wind  variability  for  a  network  of  stations  contained  within  a  200 
km  by  160  km  area.  (The  distance  between  the  two  stations  in  the  present 
study  is  approximatley  56  km.) 

One  of  Nappo's  measure  of  horizontal  variability  was  the  standard  devia¬ 
tion  of  the  horizontal  windspeed  and  wind  direction  from  the  area-overaged 
speed  and  direction,  respectively.  The  area-average  wind  direction  is  defined 
as : 

6  =*  tan-1(U/V)  (1) 

where  U  and  V  are  the  area-averaged  values  of  the  U  and  V  components  of  the 
wind  velocity.  However,  Nappo  found  more  useful  an  analysis  of  the  spatial 
mean  and  eddy  component  of  the  mesoscale  wind  field  (vertical  profiles  formed 
from  the  horizontally  averaged  windspeed  and  direction),  in  which  the  wind 
components  are  decomposed  into  a  mean  and  deviation  from  the  mean  (eddy 
value) : 

Mean  Kinetic  Energy  -  MKE  *  1/2  (U2  +  V2)  (2) 

Eddy  Kinetic  Energy  =  EKE  =  1/2  (U2  +  V2)  -  MKE  (3) 

where  the  overbar  indicates  a  horizontal  average.  In  particular,  EKE  Is  pro¬ 
duced  by  horizontal  variations  in  wind  direction  in  addition  to  windspeed,  and 
will  decrease  with  Increasing  height.  The  ratio  EKE/MKE  for  unstable  periods 
average  0.07  (vertical  average  of  different  heights)  increasing  to  0.38  during 
stable  periods. 

Wind  variability  research  has  centered  around  elucidating  the  dependence 
of  variability  on  space  and  time  lags.  These  studies  have  appealed  to  G. 1 . 
Taylor's  statistical  theory  of  turbulence  and  formulate  the  variability  S  as: 

S  *  KQP  (4) 

where  Q  is  either  time  or  distance  and  K  is  a  constant.  Lenhard  (1973)  chose 
P  »  1/2  based  on  Durst 's  (1954)  original  model  which  assumed  that  the  Eulerian 
autocorrelation  function,  i.e.,  the  model  for  the  decay  of  the  correlation 
with  time  was  of  the  form: 


where  a  -  6.9  x  10“6  sec-*  was  chosen  by  Durst  so  that  a  variation  of  3  hours 
was  equivalent  to  a  50  nautical  mile  separation. 

Temporal  wind  variability  (see  section  4B),  which  has  received  more  at¬ 
tention  in  the  literature  than  spatial  wind  varability,  may  be  defined  as: 

aT  *  ([U(t)  -  U(t  +  At]2)1/2  (6A) 

The  time  structure  function  for  the  U  component  of  velocity  in  stationary  tur¬ 
bulence  is: 

oT2  =  2  (U’)2  (l-r(t))  =  D(t)  (6B) 

where  U'  =  U-U.  Note  that  D(t)  will  be  proportional  to  the  square  root  of  t, 
Implying  P  =  1/2. 

By  considering  a  theoretical  two-dimensional  inertial  range  model 
(  5/3  law  ^  it  was  demonstrated  by  Gage  (1979)  that  the  structure  function 
D(t)  is  proportional  to  t2^  within  the  inertial  subrange.  Therefore  the 
variability,  which  is  proportional  to  the  square  root  of  the  structure  func¬ 
tion,  will  follow  t1/^.  Gage  started  with  the  structure  function  in  space  and 
derived  the  structure  function  in  time.  This  was  accomplished  by  applying 
Taylor’s  transformation  (also  known  as  the  frozen  turbulence  hypothesis)  to 
the  expression  for  temporal  variability,  as  derived  from  the  ”5/3  iaw,  Ac¬ 
cording  to  the  Taylor  transformation,  the  turbulent  structure  will  be  frozen 
as  it  is  advected  past  a  sensor  with  the  velocity  of  the  mean  flow.  Gage 
essentially  provided  evidence  for  the  existence  of  a  two-dimensional,  reverse¬ 
cascading  energy  inertial  range  based  on  the  results  of  wind  variability 
studies. 

Lenhard  (1973)  evaluated  Arnold  and  Bellucci's  (1957)  formulation  for 
the  local  observed  variability  Sd. 

Sd  =  0.53  d  */2  d  :  km,  Sd  :  meters/second  (7) 


where  d  is  the  distance  between  the  two  stations, 
bility,  which  may  be  found  from: 


The  total  observed  varia- 


(nSd)‘ 


"Kui  -  ui+d)2  -  [Kut  -  u1+d)J  2 

n).(Vi  ~  Vi+d)2  -  )(Vt  -  V1+d)J  2 


was  calculated  by  Lenhard  (1973)  for  41  pairs  of  simultaneous  GMD  radiosonde 
flight  over  a  distance  of  16.25  km.  The  variability  was  approximately  con¬ 
stant  up  to  6  km  (ranging  from  3  to  4  meters  per  second)  and  then  consistently 
increasing  at  higher  levels.  In  this  study,  the  vector  mean  windspeed  and  Sd 
as  a  function  of  height  were  plotted.  The  vector  mean  windspeed  was  found  by 
averaging  the  wind  components  for  all  flights  from  both  locations,  and  the 
standard  vector  deviation  was  computed  by  averaging  the  component  standard  de¬ 
viations.  Also,  by  knowing  d  and  evaluating  Sd  from  the  data,  K  (see  Kq .  (4)) 
was  shown  to  increase  from  0.6  at  the  surface  to  2.0  at  9  km.  K  increased 
with  increasing  S  as  well  as  increasing  windspeed,  and  the  correlation  of  0.81 
was  obtained  from  the  linear  regression  of  K  on  windspeed. 


Another  way  to  formulate  the  variability  is: 

S  *  o^2  +  ©22  -  2ri  2  0  1°2  (9) 

where  S  Is  the  variability,  aj  and  02  are  the  standard  vector  deviation  of  the 
two  data  sets  with  correlation  (l.e.,  statistical  variance  formula  for  auto¬ 
correlation)  r12. 

For  time  variability,  autocorrelation,  where  oj  =  02 

St2  =  2  o2(l  -  rt)  (10) 

Danard  (1965)  called  the  "true  variability”,  where  rt  Is  the  stretch  vector 
correlation.  Referring  to  Eq .  (5),  Lenhard  (1973)  estimated  rd  from: 

rd  =  e“at  (11) 

and  used  this  value  to  compute  an  estimated  variability  S*, 

S*  -  2  o2(l  -  rd)  (12) 

where  a  Is  the  standard  vector  deviation,  and  rd  is  the  linear  correlation  co¬ 
efficient  of  the  wlndspeed  between  the  two  data  sets  (separated  by  a  distance 
of  16.25  km  in  this  case).  This  estimate  was  lower  than  the  actual  Sd  up  to 
5  km.  Durst' s  model  Is  that  the  variation  at  3  hours  Is  equivalent  to  a  50 
nautical  mile  separation  (  which  accounts  for  the  constant  a).  Therefore  by 
knowing  the  spatial  separation,  the  equivalent  time  In  seconds  is  then  substi¬ 
tuted  into  Eq.  (11)  to  obtain  an  estimate  for  rd  (see  section  5). 


IVB.  TEMPORAL  WIND  VARIABILITY 


Gifford  (1956)  constructed  Kolmogorov  structure  functions  for  longitudi¬ 
nal  and  transverse  components  of  isotropic  turbulence  and  concluded  that  time 
variability  of  the  wind  will  follow  Taylor  (1957)  in  evaluating  bound- 

ary-layer  wind  data  and  Hutchings  (1955)  in  evaluating  6-hour  500  mb  data  both 
found  justification  for  a  t^^  law.  Ellsaesser  (1969)  cites  Gifford's  theo¬ 
retical  findings  and  empirical  data  obtained  by  Plagge  and  Smith  during  the 
1950's  in  concluding  that  the  t^/^  iaw  is  more  appropriate  than  the  t^2  jaWj 
particularly  for  lag  periods  of  up  to  6  hours.  Ellsaesser  (1969)  discussed 
other  sources  of  time  variability  data  that  were  available  at  that  time,  but 
the  lack  of  homogeneity  in  each  of  these  data  sets  precluded  drawing  any  con¬ 
clusions. 

Billions  (1973)  analyzed  hourly  wind  data  collected  by  Air  Force  Cam¬ 
bridge  Reseach  Laboratory  over  a  7-day  period  using  polynomial  analysis  (see 
F.ssenwanger ,  1973).  In  this  method,  the  autocorrelations  of  windspeed,  wind 
component  (zonal  and  meriodional ) ,  and  wind  direction  characteristic  coeffi¬ 
cients  (surface  to  1  km)  as  a  function  of  lag  time  from  0  to  24  hours  were  ob- 
t  a i ned  . 

The  pulsed  Doppler  radar  is  a  more  recent  tool  for  constructing  a  clima¬ 
tology  of  mesoscale  wind  variability  because  of  its  ability  to  rapidly  sample 
the  wind.  Shapiro  et  al .  (1984),  reported  on  the  NOAA  Wave  Propagation  Labo¬ 
ratory  VHF  wind  profiler  observations  of  mesoscale  wind  systems  in  Colorado. 
The  resolution  capabilities  of  the  profiler  are  100  m  resolution  from  just 
above  1/4  km  to  2  1/2  km  above  ground  level  (AGL),  and  300  m  resolution  from 
1  1/2  km  to  over  8  1/2  km.  Their  study  illustrates  the  enormous  potential  to 
obtain  data  on  the  vertical  and  horizontal  scale,  the  approximate  temporal 
structure  of  fronts,  and  associated  jet  stream  characteristics.  Gage  and 
Clark  (1978)  utilized  VHF  Doppler  radar  to  sample  the  three-dimensional  field 
once  per  minute  for  14  hours  at  altitudes  ranging  from  5  to  13  km  at  1  km  in¬ 
tervals.  Although  the  average  variability  followed  a  1/3  power  law  to  4 
hours,  tills  power  varied  somewhat  with  height.  The  Improved  depiction  and 
numerical  prediction  of  mesoscale  weather  events,  particularly  to  forecast  the 
i ntensi f teat  ton  of  fronts  over  time  and  the  subsequent  development  of  precipi¬ 
tation  systems,  is  one  of  the  motivations  behind  this  type  of  study. 

Cage  and  .lasperson  (1979)  analyzed  wind  variability  below  5  km  over 
!<'•>  m  intervals  for  time  lags  of  30  minutes  to  3  hours  as  measured  by  the 
Ml' TRAC  balloon-tracking  system.  The  average  temporal  variability  was  also 
i  ound  to  ho  consistent  with  a  power  law,  but  the  temporal  variability  at 

the  individual  altitudes  also  showed  substantial  variation.  In  another  study 
using  the  MKTRAC  system  (Jasperson,  1982a),  the  average  time  variability  of 
the  wind  for  "ant  1  cyclonic  weather  patterns"  followed  a  ' / ^  power  law,  hut  for 
'Yvclonic  patterns"  (frontal  passages)  was  more  nearly 

Spatial  variability  of  0.990  m/sec-^ ,  1.741  m/sec~',  and  7.446  m/sec-^ 
was  determined  by  .lasperson  (1982)  for  launch  point  separations  of  20  m  (910 
observations),  4.415  km  (3116  observations),  and  20.910  km  (801  observations), 
lasperson  refrained  from  deriving  a  power  law  relating  the  spatial  variabil¬ 
ity  to  spatial  separation  because  the  data  for  each  launch  point  separation 
wo  re  obtained  on  different  days  under  markedly  different  weather  conditions. 
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However,  Jasperson  (1982)  also  provided  unique  data  on  the  differences 
between  the  time  variability  as  computed  at  a  single  station,  and  the  "space- 
time"  variability,  which  is  the  variability  computed  for  a  pair  of  stations 
separated  by  a  certain  distance  (in  this  case  20m,  A. 415  km,  and  20.910  km), 
in  which  the  balloon  is  launched  from  the  second  location  at  some  later  time 
(from  30  to  24  minutes  later  at  a  time  lag  of  30  minutes).  The  increased 
variability  due  to  space  variability  is  evident  in  the  differences  between 
time  and  space-time  variability.  At  a  time  lag  of  30  min,  these  differences 
are  0.02,  0.047,  and  0.62  rn/sec-^-  at  a  separation  of  20  m,  4.415  km,  and 
20.910  km,  respectively.  For  the  20.910  km  separation,  the  difference  oscil¬ 
lates  about  a  value  of  0.10  m/sec-^  for  the  time  lags  of  90  minutes  or  longer. 
The  fact  that  this  difference  does  not  rapidly  approach  0  indicates  that  there 
are  detectable  spatial  features  of  the  wind  field.  From  these  data,  Jasperson 
derived  an  equivalent  time  lag  of  17  minutes  for  a  spatial  separation  of  4.415 
km  and  a  time  lag  of  90  minutes  for  a  spatial  separation  of  20.910  km. 

Olsen  et  al.  (1985),  also  studied  both  temporal  and  spatial  variability 
for  an  area  30  km  by  20  km  by  analyzing  data  from  radiosonde  release.  These 
data  were  obtained  as  the  initial  phase  of  a  wind  variability  study  for  the 
MLRS  System.  Due  to  the  sparseness  of  the  data  (only  8  data  sets)  and  the 
light  prevailing  winds,  neither  power  law  relationships  nor  space-time  equiva¬ 
lents  were  derived. 

Morone  (1986)  studied  horizontal  wind  variability  as  a  function  of  dis¬ 
tance  by  computing  structure  functions  (the  square  of  the  difference  in  wind- 
speeds  between  two  locations)  from  winds  measured  by  inertial  navigation  sys¬ 
tems  on  jet  aircraft.  The  structure  functions  were  computed  over  separation 
distances  that  varied  up  to  500  km  and  were  sorted  according  to  separation 
distance  into  20  intervals  of  25  km  each.  Some  of  the  structure  functions 
were  computed  over  approximately  the  same  interval  as  the  distance  between  the 
two  stations  studied  in  this  report.  However,  most  of  these  data  were  collec¬ 
ted  at  an  altitude  of  9.5  to  10.5  km,  well  above  the  region  of  interest  in 

this  report.  Coupled  with  the  restriction  that  windspeeds  must  he  less  than 

or  equal  to  20  m/sec-*,  these  structure  functions  were  therefore  computed  away 
from  regions  of  strong  horizontal  shear  (i.e.,  strong  jets).  Strictly  speak¬ 
ing,  these  structure  functions  are  indicative  of  space-time  variability,  as 
the  wind  reports  may  be  separated  by  three  hours.  (The  assumption  that  the 

structure  functions  are  only  a  function  of  distance  appears  to  he  justified  at 

the  10  km  altitude.) 


V.  WIND  VARIATION  DATA 


The  data  presented  In  these  sections  consists  of  the  wind  variability  and 
wind-shear  in  the  horizontal  for  two  stations  within  close  proximity,  Berlin 
and  Lindenberg  (56  km  apart),  calculated  at  the  same  pressure  level.  An  exam¬ 
ination  of  the  difference  in  geopotential  height  between  Berlin  and  Lindenberg 
at  the  850  and  700  mb  pressure  levels  for  four  selected  months  in  1977  re¬ 
vealed  mean  differences  ranging  from  6.5  m  (April)  to  10.3  m  (October)  at  the 
850  mb  level  and  7.9  m  (April)  to  13.2  m  (October)  at  the  700  mb  level.  An 
approximation  is  made  that  the  altitude  (geometric  height)  of  the  two  pressure 
levels  will  be  the  same  for  simultaneous  observations.  The  horizontal  differ¬ 
ences  are  a  measure  of  the  mesoscale  spatial  wind  variability  at  the  indicated 
altitudes.  (It  should  be  noted  that  geopotential  heights  of  1500  m,  3000  m, 
and  5500  m  correspond  to  geometric  heights  of  1504.5  m,  3009  m,  and  5516  m  for 
this  location.)  The  height  of  the  individual  pressure  levels,  of  course, 
fluctuate  on  a  day-to-day  basis. 

The  following  analysis  is  due  to  Essenwanger  (1974).  For  a  derivation  of 
Eqs.  (15)  and  (16),  see  Appendix  A. 

By  considering  Vj,  6j,  V 2,  and  02  to  be  windspeed  and  direction  at  Linden¬ 
berg  and  Berlin,  respectively,  the  following  wind  difference  parameters  and 
wind-shear  components  were  calculated  at  the  surface,  1000  mb,  (close  to  sur¬ 
face),  850  mb  (approximately  1.5  km),  700  mb  (approximately  3  km),  and  500  mb 
(approximately  5.5  km): 


Vs  =  V2  -  V! 

AO  =  02  ~  0|  ,  |  A9  |  <_  180  degrees 


'^s 

S 


sin  (A9/2) 


(13) 

<U) 

(15) 

(16) 


The  wind-shear  components  Vs  and  1>s  were  combined  vectorially  to  determine  the 
wind-shear  8.  The  wind-shear  represents  the  deviation  of  the  windspeed  and 
direction  from  one  measurement  location  to  another. 


I'he  period  of  record  for  the  data  that  are  discussed  in  this  report  is 
1974-78  and  1981.  These  data  were  extracted  from  teletype  messages  inter¬ 
cepted  in  this  office  and  placed  on  punch  cards  for  computer  analysis.  All 
observations  were  taken  at  1200  Greenwich  Mean  Time  (GMT).  This  represents 
t he  best  data  set  that  we  have  available.  The  data  have  been  stratified 
according  to  month  and  season  and  totaled  for  the  year  (See  Table  IB). 

tables  ?  through  16  list  the  percent  and  cumulative  percent  occurrence  of 
windspeed  differences  in  3-knot  intervals  as  well  as  the  50,  90,  95,  97.5,  and 
99  percentile  values  of  the  differences  in  windspeed  for  the  5  individual  al¬ 
titude  levels.  As  anticipated,  the  windspeed  differences  tend  to  increase 
with  height.  For  example,  the  percent  occurrence  of  differences  in  windspeed 
less  than  or  equal  to  5  knots  decreases  considerably  from  92  percent  at  the 
surface  to  76  percent  at  850  mb  for  all  observations  pooled  together.  At  500 
mb,  wind-speed  differences  of  6  to  11  knots  occur  with  a  frequenev  of  nearly 


22.5  percent  on  an  annual  basis.  Considering  the  individual  months  only,  this 
per-centage  ranges  from  15  percent  in  June  to  nearly  33  percent  in  January. 

At  the  surface  and  1000  mb  (near  surface),  the  90th  percentile  ranges  from 
4  to  7  knots  with  an  annual  range  of  4.8  knots  for  the  windspeed,  while  the 
99th  percentile  shows  values  mostly  over  8  knots  with  an  annual  average  of 
12.2  knots  at  the  surface  and  9.7  knots  at  the  1000  mb  level.  The  differences 
are  higher  at  850  mb,  between  8  and  12  knots  for  90th  percentile,  and  mostly 
over  12  knots  for  the  99th  percentile  (annual  average  15.1  knots).  For  some 
individual  months  the  99th  percentile  displays  very  high  differences  such  as 
17  knots  in  January,  22  knots  in  September,  or  25.1  knots  in  December  at  the 
850  mb  level.  These  fluctuations  between  the  months  may  he  attributed  to  var¬ 
ious  factors  such  as  the  limitation  of  the  period  of  record,  frontal  passage 
at  one  station  and  not  yet  at  the  other,  and  observational  or  instrumental 
errors.  However,  the  seasonal  trend  is  adequately  reflected  in  the  seasonal 
tabulations . 

The  wind  variability  S<j  was  computed  for  each  of  the  pressure  levels  using 
Eq .  (8),  and  these  results  are  listed  in  Table  17.  The  wind  variabilitv  was 
found  to  generally  increase  with  height,  a  result  consistent  with  the  findings 
of  other  authors  (Danard  1965,  Lenhard  1973,  and  Jasperson  1982).  Lenhard's 
data  indicated  an  Increase  in  variability  from  5.5  knots  at  1.5  km  to  nearly 
8  knots  at  3  km,  decreasing  slightly  at  5.5  km  before  increasing  with  height 
again.  In  the  current  study,  the  variability  decreased  slightly  from  7.87 
knots  at  1.5  km  to  7.13  knots  at  3  km  before  increasing  to  9.35  knots  at  5.5 
km.  The  larger  variability  in  this  study  is  not  surprising  due  t-  the  in¬ 
creased  distance  between  stations  (Lenhard’s  data  contained  only  si  observa¬ 
tions  spaced  16.25  km  apart).  An  average  variability  of  7.20  knots  (averaging 
all  of  the  individual  vari  ibilities  listed  in  Table  17)  compares  well  with  a 
variability  of  7.71  knots  which  is  obtained  by  substituting  d  =  56  km  into 
Eq.  (7). 

Using  Durst's  model  (Eq.  (5))  for  estimating  r(|  does  not  reflect  the  rapid 
increase  in  correlation  with  height  due  to  the  decreasing  effect  of  the  fric¬ 
tion  layer  (Table  17).  The  average  r^  =  0.827  implies  considerably  more  vari¬ 
ability  than  rj  =  0.956  as  derived  from  Durst's  model.  The  predicted  r,j  = 
0.956  was  obtained  by  finding  a  time  equivalent  in  seconds  for  56  km  from  the 
relationship  3  hours  =  50  nmi ,  and  substituting  this  value  of  t  Into  Kq .  (11). 

Tables  18  through  32  list  the  percent  and  cumulative  percent  occurrence  of 
wind  direction  differences  between  Berlin  and  hi  ndenbe  rg  in  30-degree  Inter¬ 
vals  as  well  as  the  50,  90,  95,  97.5,  and  99  p, -remit  fie  values  of  the  differ¬ 
ences  in  wind  direction  for  the  5  individual  altitude  levels.  Overall,  dif¬ 
ferences  in  wind  direction  of  greater  than  or  equal  to  60  degrees  occurred 
with  a  frequency  of  5  percent  at  850  mb,  decreasing  to  1.7 5  percent  at  700  mb, 
and  2.75  percent  at  500  mb.  The  effect  of  the  friction  laver  at  the  surface 
is  evident  from  these  data  as  differences  In  wind  direct  Ion  are  smaller  at  850 
mb  (approx  I  mat  el v  1500  meters)  than  at  or  near  the  surface.  Considering  the 
month  of  Inly  as  an  extreme  case,  the  percent  occurrence  of  wind  direction 
differences  of  less  than  or  equal  to  29  degrees  Increase  dram-it  i  ca  1  1  v  from  67 
percent  at  the  surface  to  90  percent  at  850  mb . 
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In  50  percent  of  the  cases  the  difference  in  direction  is  20  degrees  or 
less  at  and  near  the  surface,  and  15  degrees  at  850  mb.  The  90th  percentile 
difference  in  wind  direction  decreases  from  55  degrees  at  the  surface  to  35 
degrees  at  850  mb.  Similarly,  the  95th  percentile  difference  in  wind  direc¬ 
tion  decreases  from  75  degrees  at  the  surface  to  55  degrees  at  850  mb.  Also, 
the  99th  percentile  difference  in  wind  direction  decreases  from  130  degrees  at 
the  surface  to  100  degrees  at  850  mb.  The  95th  percentile  of  the  difference 
in  wind  direction  between  the  two  stations  ranges  from  35  degrees  in  December 
to  140  degrees  in  June.  This  decrease  toward  the  upper  levels  is  due  to  the 
decreasing  influence  of  the  friction  in  the  boundary  layer. 

Tables  33  through  47  contain  the  percent  and  cumulative  percent  occurrence 
of  wind-shear  (as  defined  in  (16))  between  Berlin  and  Llndenberg  in  3-knot  in¬ 
tervals  as  well  as  the  50,  90,  95,  97.5,  and  99  percentile  values  of  the  shear 
for  the  5  Individual  altitude  levels.  A  shear  of  less  than  or  equal  to  8 
knots  occurred  with  a  frequency  of  73  percent  in  winter  Increasing  to  87  per¬ 
cent  in  summer.  Similar  increases  in  shear  during  winter  were  noted  for  all 
altitudes  above  the  friction  layer.  A  shear  of  12  to  14  knots  occurs  with  a 
frequency  of  0.5  percent  near  the  surface,  increasing  to  2.5  percent  at  850 
mb,  and  5  percent  at  700  mb.  A  seasonal  trend  towards  increasing  shear  during 
fall  and  winter  is  evident,  as  windspeeds  generally  increase  more  rapidly  with 
altitude  in  winter.  This  phenomena  may  be  attributed  to  the  difference  in  the 
slope  of  cold  and  warm  fronts.  The  latter  is  considerably  smaller,  thereby 
producing  smaller  wind-shears.  Large  frontal  slopes  (cold  fronts)  are  asso¬ 
ciated  with  the  well  developed  synoptic  systems  which  typically  occur  in 
winter.  The  largest  percentage  of  small  shear  in  the  lowest  levels  (at  or 
near  the  surface)  occurred  during  winter,  supporting  the  hypothesis  of  de¬ 
creased  variability  during  unstable  conditions  in  the  boundary  layer  (Nappo, 


VI.  SUMMARY  AND  CONCLUSIONS 

Wind  variability  and  wind-shear  in  the  horizontal  for  two  stations  in 
Germany  that  are  35  miles  apart  were  calculated  at  the  same  pressure  level.  A 
literature  search  revealed  that  very  little  data  concerning  wind  variability 
over  30  to  50  miles  is  available.  Previous  studies  do  not  take  into  account 
the  direction  contribution  to  the  wind-shear,  as  other  authors  have  analyzed 
the  rectangular  components  only. 

Previous  studies  report  on  data  obtained  from  specialized  networks.  How¬ 
ever,  Berlin  and  Lindenberg,  which  both  report  upper-air  observations  are  only 
35  miles  (56  km)  apart,  which  has  provided  an  opportunity  to  create  a  long¬ 
term  climatology  of  mesoscale  wind  variability. 

Open  literature  publications  briefly  mention  wind  variability  as  a  func¬ 
tion  of  atmospheric  stability.  The  TVA  study  (Nappo,  1977)  provided  the  most 
evidence  that  wind  variability  was  high  during  stable  conditions  and  low 
during  unstable  conditions  (above  the  surface).  Essenwanger  and  Stewart 
(1983)  found  that  the  atmosphere  was  unstable  more  often  than  neutral  for 
morning  observations  taker,  at  1200  GMT  at  Frankfurt  and  Hahn,  Germany.  Be¬ 
cause  the  data  in  this  report  comprises  observations  taken  at  1200  GMT  only, 
it  is  possible  that  the  diurnal  wind  variability  has  been  underestimated. 
Therefore  a  further  study  of  wind-shear  as  a  function  of  atmospheric  stability 
utilizing  both  morning  and  evening  observations  would  be  of  Interest.  Further 
studies  in  this  area  are  relevant  because  previous  models  that  approximate 
wind  variability  as  a  function  of  distance  appear  to  be  Inadequate. 


TABLE  1A.  The  Mean  And  Standard  Deviation  (In  Parentheses)  Of  The 
Difference  In  Geopotential  Height  Between  Berlin  And 
Lindenberg  At  The  850  And  700  Millibar  Pressure  Levels 
For  4  Selected  Months  In  1977 


850mb 

700mb 

January 

7.8  (4.7) 

8.1  (5.3) 

Apr  i  1 

7.0  (9.1) 

7.9  (6.5) 

July 

8.8  (5.6) 

10.6  (8.3) 

October 

9.8  (8.1) 

13.2  (11.9 

TABLE  IB.  The  Number  of  Observations  According  To  Month  and  Season. 

All  Observations  Were  Recorded  At  1200  GMT'  For  The  Period 
Of  1974-78,  1981 

Month _ Number  of  Observations 


January 

95 

February 

101 

March 

108 

Apr  i  1 

115 

May 

11? 

June 

86 

Ju  1  y 

91 

August 

105 

September 

135 

October 

135 

t 

November 

117 

December 

89 

Fall 

387 

W  inter 

285 

Spr  i  nq 

335 

Summer 

28? 

Total 

1289 

1-. 


TABLE  2.  Percent  Occurrence  Of  The  Differences  In  Windspeed  (Knots), 
Berlin  And  Lindenberg,  At  The  Surface,  1200  Hours  GMT 
(1974-78,  1981) 
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TABLE  3.  Cumulative  Percent  Occurrence  Of  The  Differences  In  Wind- 
speed  (Knots),  Berlin  and  Lindenberg,  At  The  Surface, 
1200  Hours  GMT  (1974-78,  1981) 
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TABLE  4. 

50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The 
In  Windspeed  (Knots),  Berlin  And  Lindenberg,  At 
Surface,  1200  Hours  GMT  (1974-78,  1981) 
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C.P  -.1  «G 

5  6  .  £ 

3  5 ,  3? 

7  .  4~ 

.  OJ 

0.0  0 

.  JO 

i Uv ME < 

5  2.13 

3  '.11 

•J.OT 

2.13 

.71 

0.  JO 

V,  2  1  A  L 

3  3  .  A  2 

1  6.76 

■>  •  0  7 

1  .  -  A 

.31 

.  9  7 

18 


■ .%  .s . 


TABLE  6.  Cumulative  Percent  Occurrence  Of  The  Differences  In  Wind- 
speed  (Knots),  Berlin  And  Lindenberg,  At  1000  Millibar, 
1200  Hours  GMT  (1974-78,  1981) 


0  TO  2 

3  rj  5 

4  n  3 

9  n  ii 

12  TO  14 

GT  15 

JANUARY 

53. 6d 

84. 2L 

92.43 

100.00 

100.00 

100. 00 

FEBRUARY 

5  2.48 

90.  10 

96.04 

98.0  2 

98.02 

100.00 

MARCH 

56  •  4o 

39. 31 

98 .16 

100.00 

100.00 

100. UO 

APRIL 

53.04 

V  .  1  7 

99.1  3 

100.00 

J 00.00 

100. -0 

"AY 

58. C4 

91.96 

99.11 

69.11 

99.11 

100.00 

JUNE 

53.49 

34.3  3 

96.51 

9  7.57 

100.00 

100.00 

JULY 

50.55 

36.  31 

96 . 70 

100.00 

luO.OO 

100.00 

AUGUST 

52.38 

39.52 

98.10 

100.00 

100.00 

100.00 

SEPTEMBER 

54.81 

3  3.15 

97.04 

97.73 

93.52 

100.00 

GCTG3ER 

56.30 

9  3.33 

98.52 

100. 00 

100.00 

100.00 

MG  VE  M0 1 R 

47.01 

15.47 

97.44 

6  9.13 

100.00 

100.00 

DECEMBER 

5  1  •  fc  9 

9>.  1  3 

96.6  3 

6  3  .  1  4 

•9  3.  3  3 

100. JO 

FALL 

5  2.17 

11.16 

97.87 

6,  .  If 

9  9. 4  j 

ICO.  j') 

WINTER 

52.63 

13.77 

9*  .  19 

"T  -  •  ■* 

93.  >5 

1 0  C  .  v  0 

SPRING 

5C  .32 

'«l  .  34 

»3  .  3  1 

>1.?) 

99.7  0 

100. 00 

SUMMER 

52.13 

17.33 

•7.1 6 

'  ‘ .  •  J 

100.00 

100. >0 

ANNUAL 

5  3.45 

<  3 .  2  ■* 

9  7  .  ’  1 

•9.  >. 

<u  .  -  J 

1  r  c .  „  0 

y  v:  sp- 


*|j-t  »  |  | 


TABLE  7.  50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The  Differences 

In  Windspeed  (Knots),  Berlin  And  Lindenberg,  At  1000  Milli¬ 
bar,  1200  Hours  GMT  (1974-78,  1981) 


50TH  PERJ  93TM  ^ERC  95TH  PERC  97.5  ?£RC  99TH  PERC 


JANUARY 

2.0 

7.0 

FEBRUARY 

2.0 

5.2 

MARCH 

2.0 

5.2 

APRIL 

2.0 

5.0 

n  ay 

2.0 

5.0 

JUNE 

2.0 

6.0 

JULY 

2.0 

5.0 

AUGUST 

2.0 

5.5 

SEPTEMBER 

2.0 

6.0 

OCTOBER 

2.0 

5.0 

NOVEMBER 

3.0 

6.0 

DECEMBER 

2.0 

o 

t 

m  INTcR 

2.0 

6.0 

>  P  R  I  N  G 

2.0 

5.0 

,Uf<M  E  R 

2.0 

5.0 

E  ALL 

2.0 

6.0 

ANNUAL 

2.0 

6.0 

9.0 

10.0 

10.0  J 

8.0 

9.0 

! 

25.0 

r 

7.0 

7.3 

9.0  ; 

6.0 

7.0 

8.2  ’I 

o.O 

7.0 

9.2  1 

7.3 

3.5 

12.0  II 

3.0 

10.0 

io.o  y 

6.3 

7.4 

9.0  ? 

• 

• 

7.0 

11.3 

15.4  •; 

J 

6.0 

7.0 

9.0  < 

7.0 

9.0 

10.5  % 

% 

\ 

6. <5 

9.0 

10.1  % 

V 

A 

8.  3 

9.0 

11.3  5 

1 

6.3 

7.0 

■ 

9.0 

7.1 

9.0 

10.2  V 

*  ' 

7.0 

7.3 

11.3  £ 

7.0 

J.o 

1-6  ! 
1  •  0 

V 

>►' 

a 

TABLE  8.  Percent  Occurrence  Of  The  Differences  Of  The  Windspeed 

(Knots),  Berlin  And  Lindenberg,  At  850  Millibar,  1200  Hours 
GMT  (1974-78,  1981) 


0  TO  2 

3  T'J  5 

6  T^  3 

9  TO  11 

12  TG  14 

GT  15 

JANUARY 

28.42 

34.74 

11.58 

1 3 . 6  3 

5.2b 

6.32 

FEBRUARY 

41. 53 

33.81 

12.37 

2.9  7 

3 . 9o 

0.00 

MARCH 

44.44 

26.35 

15.74 

7.41 

2  •  7u 

2.73 

APRIL 

53. 9L 

2  5.22 

13.04 

3.43 

.97 

3.43 

MAY 

4  4.54 

35.71 

12.50 

6.35 

.39 

.  39 

JUNE 

52.33 

31.40 

12  .  79 

2.33 

1.16 

0.30 

JULY 

39.56 

4  2.36 

12.09 

3.  3  J 

2.20 

0.00 

AUGUST 

47.62 

34.  L9 

10.43 

1.  93 

3.31 

0.00 

SEPTEMBER 

37.78 

37,04 

14.07 

d  •  15 

.74 

2.22 

OCTOBER 

43.89 

2  7.41 

14.41 

2  •  9o 

4.44 

1.48 

NOVEMBER 

36.75 

31.42 

15 . 38 

9.4  9 

5.  9 6 

.  3  5 

DECEMBER 

3  5.96 

29.2  1 

17.95 

4  .  *  9 

3.37 

3.99 

fall 

41.34 

3  3.04 

14.73 

■>.7  3 

3.5c 

1.55 

WINTER 

3  c  .  A  4 

34.  39 

14.  34 

7.  U 

*.21 

4.41 

SPRING 

4  7.76 

39.  35 

13.79 

5.57 

1.4  » 

2.39 

SUMMER 

4  6.*“ 

3  5.34 

11.70 

2  •  4  1 

2,41 

9.0  0 

ANNUAL 

42.  32 

33.  3  9 

1  i  •  4  8 

2  .  )  1 

2.95 

2.  .7 

<  i  bti  m  iviin^irivi  "w-v  -w 


wnjiBjTw^iwM  *u  rm  wnrmmwwwwwwwwx  trig  yrtuii  mini  hum 


TABLE  9.  Cumulative  Percent  Occurrence  Of  The  Differences  In  Wind- 
speed  (Knots),  Berlin  And  Lindenberg,  At  850  Millibar, 


1200  Hours 

GMT  (1974 

0  TO  2 

3  T3  5 

JANUARY 

23.42 

63  •  L6 

FEBRUARY 

A  1.58 

80.20 

“ARCH 

A  A  .  A  4 

71.  30 

APRIL 

53.QI 

7  3.13 

“AY 

44  .o4 

3  0.36 

JUNE 

52.33 

3  3.7? 

JULY 

39.5b 

3  2.42 

AUGUST 

47.f,2 

3  3.31 

SEPTEMBER 

37.78 

7  4,31 

OCTOBER 

48.89 

76.  30 

NOVEMBER 

36.75 

63.  38 

OECE'lBER 

35.96 

65.  17 

r  ALL 

4  1  ,  3 1 

7  3.31 

RIOTER 

35.4« 

1 1.  32 

SPRING 

•t  7  .  7  o 

7  7  .  3  1 

SUITER 

46.4*, 

3  3  .  3  3 

ANNO  AL 

42.62 

7  =  .  7  ? 

78,  1981) 

6  TO  3 

9  T  3  11 

12  TC  14 

GT  15 

74.74 

38.42 

93.o8 

100.00 

93.07 

9b  .04 

100.00 

100.00 

3  7.04 

94.44 

97.22 

100.00 

92.17 

95.65 

96.52 

100.00 

'12.3  6 

93.2  1 

49.11 

100. uO 

96. 51 

96.34 

100.00 

100. 00 

94.51 

9  7.3) 

100.00 

100.00 

94.  ?9 

96.19 

100.00 

100. 

3  3.99 

97.04 

97.78 

100.00 

91.11 

94.0/ 

93.52 

100.00 

93.76 

93.16 

90. :  5 

100. u0 

93.15 

;•*  7 . 6  4 

41.01 

100. j 0 

"1.11 

54.33 

98.4o 

100.00 

9  3.16 

5  )  •  i  5 

95  .  ov 

1  00.  I/O 

00.76 

6  J  .  1  2 

97.6  l 

100.  )0 

'I  7 . 0  '« 

97.5' 

100.00 

1 0  0 .  j  ■: 

99.3^ 

q4  .  3  3 

47.3  3 

1C".  .  ) 

TABLE  10.  50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The  Differences 

In  Windspeed  (Knots),  Berlin  And  Lindenberg,  At  850  Milli¬ 
bar,  1200  Hours  GMT  (1974-78,  1981) 


50TH  PERC 

ROTH  PERC 

95TH  PERC 

97.5  PERC 

99TH  PE 

JANUARY 

4.0 

12.0 

15.0 

17.0 

17.0 

FEBRUARY 

3.0 

7.0 

9.0 

12.0 

12.0 

MARCH 

3.0 

9.0 

12.4 

14.3 

18.0 

APRIL 

2.0 

7.0 

10. 0 

15.0 

15.3 

MAY 

3.0 

7.2 

9.4 

11.0 

13.4 

JUNE 

2.0 

5.4 

7.3 

9.2 

10. fc 

JULY 

3.0 

7.1 

8.  A 

11.6 

13.0 

AUGUST 

3.0 

6.0 

9.0 

12.4 

13.0 

SEPTEMBER 

3.0 

9.0 

10. 0 

LI. 4 

22.0 

OCTOBER 

3.0 

3.0 

12.0 

14.0 

16.4 

NOVEMBER 

3.5 

ll.O 

12.2 

13.0 

16.2 

DECEM8ER 

4.0 

12.0 

17.  5 

20.2 

21.5 

WINTER 

4.0 

ll.O 

14.3 

17.0 

20.2 

SPRING 

3.0 

3.0 

ll.O 

14.4 

16.4 

SUMMER 

3.0 

7.0 

3.1 

11.0 

13.0 

FALL 

3.0 

9.  0 

12.0 

13.0 

17.3 

ANNUAL 

3.0 

9.  ) 

12.0 

14.0 

17.0 

TABLE  11.  Percent  Occurrence  Of  The  Differences  In  Windspeed  (Knots), 


Berlin  And 
(1974-78, 

Lindenberg 

1981) 

,  At  700 

Millibar,  1200 

Hours  GMT 

0  TO  2 

3  r  i  5 

6  TO  B 

9  T  3  11  12 

TO  14 

GT  15 

JANUARY 

34.74 

30.53 

20.00 

10.5  3 

3.16 

1.  J4 

PE  3RIJARY 

4  5.54 

24.75 

21.73 

5.94 

.99 

.  n 

4  A  RCH 

3«.d9 

3P.  39 

12.96 

3.73 

2.7c 

2.76 

APRIL 

49.57 

33.  H 

9.57 

4.35 

.37 

1.74 

*  A  Y 

46.43 

31.24 

12.50 

j.  04 

1.79 

0.  JO 

JUNE 

52.33 

7  5.74 

17.44 

3.4  9 

0.  ou 

0.  JO 

JULY 

52.75 

57 

12.09 

2.2  0 

2.20 

2.20 

AUGUST 

60.00 

26.67 

9.52 

2.  3 6 

.95 

0.00 

SEPTEMBER 

4  4  .  4  A 

33.52 

3.1* 

6.-7 

1.46 

.  74 

OC  T  HE  R 

rVJ 

iTi 

• 

or 

'■n 

3  4.  31 

17.04 

n  .  1  5 

.  74 

.  74 

4  1.0} 

3  1  .  33 

14.  *  0 

3  •  4  c 

2 . 5  o 

.  4* 

0  -  C  C  'HER 

44.  94 

3  4.71 

17.36 

■4.4  1 

3.  3  7 

1.17 

h  ALL 

4  1  .  3  *♦ 

3  .  )  6 

14.47 

)  •  <:  - 

1.4- 

.  7  ’ 

i I  .1-  - 

41.74 

1  U  ’  * 

7  .  J 

2  •  ^  h 

1  .  V 

s  p  -v ;  ‘U 

4C.47 

1  4  .  j  3 

1  1.44 

>  •  3  7 

1  .  74 

1  .  -  - 

SU'HP  -l 

5  c  .  3  4_ 

l  7  .  )  ' 

l  '  .  7  7 

c  •  4  ** 

i .  4 

.71 

A'.  HAL 

•* * .  t. 

'  ’  .  ' 

l  -  .  ’  ^ 

1.71 

A  •  -  » 

v'^V}v*lvVv’'Vlv’  vV/VV’.  -  v  VI-.' W!vH'V 


TABLE  12.  Cumulative  Percent  Occurrence  Of  The  Differences  In  Wind- 
speed  (Knots),  Berlin  And  Lindenberg,  At  700  Millibar, 
1200  Hours  GMT  (1974-78,  1981) 


0  TO  2 

3  n  5 

6  TO  3 

7  T3  11 

12  TO  14 

GT  15 

JANUARY 

34.79 

55.25 

85.26 

96.77 

93.95 

100. 00 

FEBRUARY 

45.54 

70.30 

92.03 

98.02 

99.01 

100.00 

MARCH 

3  8.89 

77.  73 

90.74 

94.44 

97.12 

100.00 

APRIL 

49.57 

3  3.48 

93.04 

97.  39 

98.26 

100.00 

MAY 

46.43 

7  7.63 

90.13 

93.21 

ICO. 00 

100.00 

JUNE 

52.33 

79.9  7 

^6.51 

100.00 

100.00 

100.00 

JULY 

52.75 

31.32 

93.41 

9  5.60 

9  7.30 

100.00 

AUGUST 

60.00 

3  6.67 

96.19 

99.0  5 

100.00 

100.00 

SEPTEMBER 

44 .44 

82.96 

91.11 

97.73 

79.2t> 

100.00 

OCTOBER 

38.52 

71.33 

90.37 

98.52 

99.26 

100.00 

NQVE  MBE  0 

41.03 

74.  36 

93.14 

96.53 

99.15 

100. 00 

OECtMdER 

9  4. 99 

73.65 

91.01 

95.51 

9  5.98 

100.00 

FALL 

41.34 

7  7.  JO 

91.47 

97.67 

99.22 

100.00 

-INTE  7 

41.75 

71.23 

3  9.47 

1 6  •  4  9 

9  3.95 

100.00 

SPRING 

45.07 

7  i.  70 

91.34 

95.72 

98.5  1 

100.00 

Jt 

X 

.11 

AJ 

55. 2c 

3  2  .  •>  ? 

95 . 39 

90.2  3 

99.29 

100.00 

AN-.  IJAL 

4S.96 

7  7..->  6 

9  1  .  3  5 

9  7.2.0 

93 . 99 

IOC. JO 

25 


TABLE  13. 

50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The  Differences 
In  Windspeed  (Knots),  Berlin  And  Lindenberg,  At  700  Milli¬ 
bar,  1200  Hours  GMT  (1974-78,  1981) 

50TH  PE  RC 

ROTH  P E  RC 

95TH  P E RC 

97.5  PERC 

99TH  PI 

JANUARY 

4.0 

9.5 

11.0 

12.3 

14.0 

FEBRUARY 

3.0 

8.0 

9.0 

10.5 

14.0 

1ARCH 

3.0 

3.0 

12.0 

13.6 

17.0 

APRIL 

2.5 

7.0 

10. 0 

11. 1 

17.3 

MAY 

3.0 

3.2 

10.0 

11. 0 

12.2 

JUNE 

2.0 

7.0 

3.0 

10.2 

11.0 

JULY 

2.0 

8.0 

9.0 

13.1 

lb.O 

AUGUST 

2.0 

6.0 

8.0 

9.4 

10.0 

SEPTEMBER 

3.0 

7.  0 

10.0 

11.0 

16.  1 

OCTOBER 

3.0 

3.5 

9.3 

10.4 

15.3 

NOVEMBER 

3.0 

7.3 

9.0 

12.  J 

14.2 

DECEMBER 

3.0 

7.0 

11.9 

13.2 

14.2 

-INTER 

3.0 

9.0 

11.0 

13.0 

14.3 

SPRING 

3.0 

3.0 

10.0 

12.0 

17.0 

SUMMER 

2.0 

7,0 

3.0 

10.0 

12.4 

FALL 

3.0 

3.0 

10.  o 

11 .0 

13.1 

ANNUAL 

3.0 

*  .  ) 

10. 0 

12.0 

14.1 

•>V  >’;•  .v 
.  *  «v«* .  • 


•  ,  «*.  **»  *‘.  ■  •  *  */  •  *  s* 
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TABLE  14.  Percent  Occurrence  Of  The  Differences  In  Windspeed  (Knots), 


Berlin  And 
(1974-78, 

Lindenberg , 
1981) 

At  500 

Millibar, 

1200  Hours  GMT 

0  TO  2 

3  TJ  5 

6  TO 

8  9  TO 

11  12  TO  14 

GT  15 

JANUARY 

31.58 

2  5.32 

25.26 

7.37 

0.00 

9.4  7 

FEBRUARY 

31.63 

4  4.55 

12.37 

4.9, 

1.98 

3  •  i  6 

MARCH 

31.48 

36.  11 

13.3a 

9.25 

3.70 

5.56 

APRIL 

33.91 

3  3.91 

22.61 

2.61 

5.22 

1.74 

MAY 

41.07 

3  3.  39 

10.71 

6.25 

2.63 

.39 

JUNE 

58.14 

20.93 

6.93 

d.  14 

3.49 

2.3  3 

JULY 

43.96 

32.97 

16.48 

1.10 

2.20 

3.30 

AUGUST 

40.00 

39.05 

14.29 

3.31 

.95 

1.40 

SEPTEM3ER 

31.11 

3  2.59 

17.73 

11.  IL 

4.44 

2.9  6 

OCTOBER 

47. *1 

25.19 

14.07 

6.57 

3.70 

2.96 

NOVEMBER 

35.90 

30.  77 

17.09 

8.55 

2.56 

5.13 

DECEMBER 

35.96 

34.33 

19.10 

5.52 

1.12 

3.37 

FALL 

38.24 

29.46 

15.78 

6.7  7 

3  •  o2 

3 . 0  2 

WINTER 

32. 9B 

3  5.44 

18.95 

5.75 

1.05 

5.  ,1 

SPRING 

35.52 

36.  13 

15.3? 

5.9  1 

3 . J  a 

?  •  0  9 

SUMMER 

46.81 

31.56 

12.77 

4.75 

2.13 

2  • 

ANNUAL 

3  8.26 

3  3.  7  7 

15.93 

6  *  4  •i 

2  .  79 

3.57 

TABLE  15.  Cumulative  Percent  Occurrence  Of  The  Differences  In  Wind- 

speed  (Knots),  Berlin  And  Lindenberg,  At  500  Millibar,  1200 
Hours  GMT  (1974-78,  1981) 


0  TO  2 

3  TO  5 

6  TO  5 

9  TO  11 

12  TO  14 

GT  15 

JANUARY 

31.58 

3  7.39 

33.16 

90.5  3 

90.5  3 

100.00 

FE3RUARY 

31.68 

76 . 2  4 

89.11 

94.  Oo 

96.04 

100.00 

MARCH 

31.48 

67.59 

81.48 

90.74 

94.44 

100.00 

APRIL 

33.91 

6  7.33 

90.43 

93.04 

98.26 

100. JO 

MAY 

41.07 

79.46 

90.13 

9&.41 

99.11 

100.00 

JUNE 

58.14 

79.  J  7 

36.05 

94.19 

97. b7 

100.00 

JULY 

43.96 

76.  92 

93.41 

94.51 

96.70 

100.00 

AUGUST 

40.00 

7  9.08 

93.33 

97.14 

98.10 

100.00 

SEPTEMBER 

31.11 

6  1.70 

31.48 

92.59 

97.04 

loo.oo 

OCTOBER 

47.41 

72.69 

36.67 

93.33 

97.04 

100.00 

NUVEM3E P 

35.90 

66.67 

33.76 

92.31 

94.37 

100.00 

DECEMBER 

35.9o 

70.  79 

8  9.39 

95. 3  1 

96.o3 

100.00 

FALL 

38.24 

67.  70 

83 . 9° 

92. 7o 

96.3b 

100. jO 

WINTER 

32.98 

33.42 

8  7.17 

93.3  3 

94.39 

ICO. 00 

SPRING 

35.52 

71.34 

■3  7.46 

93.4  3 

97.31 

100. 00 

SUMMER 

4  6  .  r.  1 

7  1.37 

91.13 

95.34 

97.52 

100.00 

ANNUAL 

3  8.25 

71.2? 

«  7  .  ’  9 

l  3  •  ■  ■  j  4 

46.4  3 

100.00 

TABLE  16.  50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The  Differences 

In  Windspeed  (Knots),  Berlin  And  Lindenberg,  At  500  Milli¬ 
bar,  1200  Hours  GMT  (1974-78,  1981) 


50TH  PERC 

90 TH  PE PC 

95TH  PERC 

97.5  PERC 

99TH  PE  kC 

JANUARY 

4.5 

10.  5 

16.3 

18.0 

18.0 

FEBRUARY 

3.0 

8.1 

12.0 

22.8 

32.0 

MARCH 

4.0 

11.0 

15.0 

16.6 

21.0 

APRIL 

4.0 

3.0 

13.0 

14.0 

15.0 

MAY 

3.0 

3.0 

9.0 

12.0 

13.2 

JUNE 

2.0 

9.4 

13.0 

14.3 

21.3 

JULY 

3.0 

8.0 

10.4 

16.3 

17.0 

AUGUST 

3.0 

7.0 

9.0 

10.3 

15.0 

SEPTEMBER 

4.0 

9.5 

12.3 

15.  a 

40.4 

OCTOBER 

3.0 

10. 0 

13.0 

15.4 

19.  1 

NOVEMBER 

3.5 

10. 0 

14.2 

16.  0 

30.2 

DECEMBER 

4.0 

3.0 

11.  3 

2  3.2 

36.9 

WINTER 

4.0 

10.0 

15.0 

19.  0 

36.0 

SPRING 

4.0 

9.0 

12.0 

15.0 

lb.  7 

SUMMER 

3.0 

3.0 

10. 1 

14.0 

17.0 

FALL 

3.0 

10.0 

14.0 

1>.2 

2  3.9 

ANNUAL 

3.0 

9.0 

13.0 

13.0 

22 . 1 

TABLE  18.  Percent  Occurrence  Of  The  Differences  In  Wind  Direction 
(Degrees),  Berlin  And  Lindenberg,  At  The  Surface,  1200 
Hours  GMT  (1974-78,  1981) 


0-29 

3  0-5? 

o  3  —  9  9 

Q  J  _  l  •_  ) 

i  2  0  - 1  4  0 

150-18: 

Ji  ,U  \  ?Y 

7*.  79 

15. 4  A 

-’1 

1.93 

1.9  5 

1.96 

r  j;.'JA:TY 

69.31 

2  1.73 

8.9'. 

u.  7  J 

2.97 

0  .  j  C 

'UvC  H 

62. 9u 

2  4.70 

7.4-1 

0  •  0  9 

.43 

0 . 0  0 

4  ?  :<  I 

54. 25 

2  5.22 

j  .  )  9 

1.  74 

1 . 7- 

.  3  7 

•“AY 

56  .  Ed 

2  3.57 

5 .34 

3.57 

2.68 

.  5  9 

J'J.VE 

o  l .  6  3 

2  4.42 

2.3  2 

4.63 

2.33 

4.65 

JULY 

67.03 

2  7 . 4  7 

1.19 

2.2  3 

2.20 

0.30 

AUGUST 

oc-.  71 

26.71 

7.6? 

0.0  3 

0.30 

.  95 

S  E  P  T  E  U  E  ? 

68.15 

l  2.5? 

*  .  >7 

j  .  7  j 

L.4c 

2.22 

r'CT93E< 

6  3.89 

2  7.:  2 

7.41 

)9 

0 . 0  0 

1.  H  7 

•id  YE  8  jE  7 

76.0  7 

17.0  9 

4  .  ?  7 

1.71 

0.00 

.  :  5 

0  E  C  E  A  1  E  4 

34.2  7 

1  3  .  4  J 

9  .  9  0 

1  1  / 

A.  •  -  _ 

0.90 

1.17 

'  A  L  1 

7  o  .  a  : 

19.78 

-  .  ?4 

1.11 

.52 

1 .  3  c 

W  I  N  T  t  K 

7  o,14 

17.6'- 

7.5  1 

•  *  t 

1  .  40 

.  7  3 

S  3  I  •; 

r.  1  .  1  - 

2  45 

7.16 

1  .  74 

1.74 

c  ■  . 

6  4,69 

’  5  .  ' 

3.99 

2  .  1  • 

1  .  4  2 

1.77 

\  . 

6  .8  .  :  9 

2  3.  1 

5  .  » 

Ll  O 

1.7- 

1.1- 

TABLE  19. 


Cumulative  Percent  Occurrence  Of  The  Differences  In  Wind 

Direction  (Degrees),  Berlin  And  Lindenberg,  At  The  Surface, 
1200  Hours  GMT  (1974-78,  1981) 
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TABLE  20.  50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The  Differences 

In  Wind  Direction  (Degrees),  Berlin  And  Lindenberg,  At  The 
Surface,  1200  Hours  GMT  (1974-78,  1981) 


50 TH  PEmC 

90TH  PE°C 

95  TH  PERL 

97.6  PERC 

99TH  P 

JANUARY 

17.5 

47.5 

71.3 

1  L6.9 

145.0 

FEBRUARY 

20.0 

55.0 

70.0 

101.4 

135.0 

MARCH 

20.0 

50.0 

70.0 

75.0 

80.0 

APRIL 

20.0 

57.5 

85.0 

112.5 

135.3 

MAY 

20.0 

70.0 

97.0 

12  1.0 

141.8 

JUNE 

20.0 

90.0 

143.0 

loO.O 

160.0 

JULY 

20.0 

45.5 

57.2 

112.6 

120.0 

AUGUST 

20.0 

55.0 

70.0 

75.6 

85.0 

SEPTEMBER 

20.0 

70.0 

100. 0 

1  3  •  3 

166.8 

OCTOBER 

20.0 

52.5 

70.0 

35.0 

163.5 

NOVEMBER 

15.0 

4  0.0 

50.0 

d  5  •  0 
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1 J  1 . 9 
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3  0.0 
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12  0.) 
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FALL 

20.0 

55.0 

u.° 

1)3.3 

160.7 

ANNUAL 

20.0 

•3C.  0 

3  0.0 

ul.L 

15  6.0 

TABLE  21.  Percent  Occurrence  Of  The  Differences  In  Wind  Direction 

(Degrees),  Berlin  And  Lindenberg,  At  1000  Millibar,  1200 
Hours  GMT  (1974-78,  1981) 
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TABLE  22.  Cumulative  Percent  Occurrence  Of  The  Differences  In  Wind 

Direction  (Degrees),  Berlin  And  Lindenberg,  At  1000  Milli¬ 
bar,  1200  Hours  GMT  (1974-78,  1981) 
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TABLE  23.  50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The  Differences 

In  Wind  Direction  (Degrees),  Berlin  And  Lindenberg,  At  1000 
Millibar,  1200  Hours  GMT  (1974-78,  1981) 


50TH  PERC 

90 TH  PtRC 

95TH  PERC 

97.5  PERC 

99Th  PERC 

JANUARY 

15.0 

45.0 

71.3 

10  3.3 

135.0 

FEBRUARY 

15.0 

55.0 

65.0 

3  4.7 

150.0 

MARCH 

20.0 

50.0 

70.0 

70.0 

80.0 

APRIL 

20.0 

55.0 

62.5 

a  5 . 6 

121.5 

MAY 

20.0 

60.0 

80.0 

10  0.  3 

131.8 

JUNE 

20.0 

73.0 

123.0 

1 1 5  •  0 

145.7 

JULY 

20.0 

45.0 

62.2 
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120.0 

AUGUST 

15.0 

5  0.0 

60.0 

77.5 

QQ.O 

SEPTEMBER 

15.0 

60.0 

95.0 
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161.8 

OCTOBER 

15.0 
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66.3 

73.3 
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NOVEMBER 

10.0 
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50.7 

o  5  •  0 
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V  6 . 3 

155. C 

ANNUAL 

15.0 

6  0.0 

7  0.0 

>5.0 

145.0 

TABLE  24.  Percent  Occurrence  Of  The  Differences  In  Wind  Direction 

(Degrees),  Berlin  And  Lindenberg,  At  850  Millibar,  1200 
Hours  GMT  (1974-78,  1981) 
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TABLE  25.  Cumulative  Percent  Occurrence  Of  The  Differences  In  Wind 


Direction  (Degrees),  Berlin  And  Lindenberg,  At  850  Milli¬ 
bar,  1200  Hours  GMT  (1974-78,  1981) 
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TABLE  26.  50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The  Differences 

In  Wind  Direction  (Degrees),  Berlin  And  Lindenberg,  At  850 
Millibar,  1200  Hours  GMT  (1974-78,  1981) 


50TH  PERC 

90H  ?  E  RC 

9STH  PERC 

07.5  P  ERC 

99TH  PERC 

JANUARY 

10.0 

37.5 

51.3 

73.1 

95.0 

FEBRUARY 

10.0 

31.5 

55.0 

65.0 

75.0 

MARCH 

10.0 

38.0 

65.0 

71.5 

75.0 

APRIL 

10.0 

42.*; 

6  2.5 

05.0 

112.3 

MAY 

15.0 

41.0 

8  6.0 

106.0 

171.2 

JUNE 

10.0 

55.0 

71.5 

110.0 

116.3 

JULY 

10.0 

25.5 

55.0 

75.0 

75.0 

AUGUST 

15.0 

35.0 

41.3 

51.9 

55.0 

SEPTEMBER 

10.0 

45.0 

60.0 

79.4 

102.0 

OCTOBER 

10. 0 

42.5 

56.3 

77.5 

121.8 

NOVEMBER 

10.0 

40.0 

47.2 

65.0 

145.9 

DECEMBER 

5.0 

25.0 

37.3 

6  9.6 

123.3 

WINTER 

10.0 

30.0 

51.3 

6  5.0 

103.0 

SPRING 

10.0 

42.5 

66.  3 

95.0 

115.3 

SUMMER 

10.0 

40.0 

55.0 

75.0 
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E  ALi_ 

10.0 

40.  ) 

60.0 

70. 3 

116.7 

ANNUAL 

10. 0 

40.  1 

60. 0 

75.0 

110.5 

TABLE  27. 

Percent 

Occurrence  Of 

The  Differences  In 

Wind  Direction 

(Knots),  Berlin  And 

Lindenberg 

,  At  700 

Mil  1  ibar , 

1200 

Hours 

GMT  (1974-78, 

1981) 

0-29 

37-89 

3<’-39 

90-11  > 

1  2  0  - 1  h  ^ 

150-1  - 

JA'iUA9Y 

92. c>3 

5.2a 

1 .71 

0.  30 

0 . 0  L 

1. :  5 

Ff  d?'J  WY 

38.12 

7.  >0 

.oo 

.79 

0.90 

0  •  j  0 

-  A  ^  C  H 

?  A  .  A  -* 

2.7  1 

1.38 

0. 30 

0.30 

0  7  J 

A  2  <  I  L 

d  ft  •  8  o 

3.  33 

3  .  A  » 

1.7A 

0.00 

•  It 

w  i  Y 

8  3  •  34 

7.1* 

3.87 

.  J  V 

0 . 3  Ui 

c.  .0 

J'JNi 

33.72 

1  2.  7  -» 

2.77 

L  .  30 

0.0  0 

1.  La 

JULY 

92.31 

A  .  A  0 

3  .  30 

0.3) 

0.30 

0.  .  0 

A  'J  o  -J  j  T 

6  c  •  7  1 

3  .  o  7 

A. 78 

2  .  3d 

0 . 3  j 

c .  0  0 

ScPTf  T387 

88.  39 

3.  11 

.74 

1.  *  3 

0. 20 

.7- 

ICTllc^ 

^A.  07 

2.2  2 

.  ?4 

2.22 

.7m 

1/  •  JW 

S  j  V  ;  *  3  -  3 

94  .o^ 

7.3a 

1.71 

1.71 

0.00 

(■•  -  0 

0  =  0  :  '«  ■>  £  7 

8  1.7a 

7 .  )  7 

2  .  ’I 

0.03 

0.00 

1. 1 : 

=  i  L '_ 

9  2  .  2  ; 

A  .  3  J 

1.77 

1 .  °  1 

.2  0 

'■  c 

•  -  ~ 

*  !  •  T  r  v 

39. 2  2 

7.7? 

1 .  *0 

.33 

3.30 

•  /  I 

J 

3  c  .  8  5 

8.a7 

2.77 

.  •  3 

0.3  0 

•  *T  - 

5  J  1  V:  N 

o  7  .  £  3 

7.3  7 

3.8-' 

1  ■>  - 

A.  0 

0.30 

•  0  "* 

i  <  J  \  _ 

8  r- .  ■*'- 

5  .  >  1 

.  •  «. 

1.3# 

>  2 

• 

•  "* 

*->-*-  >-  v  »-■  •-•■  ti  ^■.l-l-... 
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TABLE  28. 

Cumulative 

Percent  Occurrence 

Of  The  Differences  In 

Wind 

Direction 
bar,  1200 

(Degrees ) 
Hours  GMT 

,  Berlin 
(1974-78 

And  Lindenberg,  At  700 
i,  1981) 

Milli- 

0-24 

30-59 

5  C  —  3° 

90-11 > 

120-149 

1 5  C  - 1  3 

JANUAP.Y 

92. A3 

9  7.59 

98.>=. 

9  0  .  >5 

>3.95 

100.00 

F= 35UASY 

8  8.12 

>3.02 

95.01 

100.00 

100.00 

100.00 

MARCH 

Q  6  v  4 

>7.22 

99 .07 

99.07 

99.07 

10c. 00 

APRIL 

e6.9o 

9  3.91 

97.39 

99.13 

9Q.  1  3 

100 . GO 

M  A  f 

83.39 

>5.54 

09.ll 

IOC . 03 

100.00 

100.00 

JUNE 

3?.  72 

95. 5L 

93.34 

>d.  °4 

98.5  4 

100. CO 

JULY 

92.31 

>5.70 

100.39 

100.00 

100.  GO 

100.00 

AUGUST 

55.71 

>2.33 

97.14 

ICC. 00 

100.00 

100.00 

S2PTE33ER 

So.  -9 

>7.04 

9  7.73 

9*.  2*5 

*5.25 

10c. CO 

0C  T  33  5  R 

Q4.C7 

>5.30 

>7.04 

99 .  2  -a 

100.00 

10c. 00 

NOV  =  MSc R 

94.02 

y  j  .  5  3 

93 . 7° 

100.30 

100.00 

100.00 

3ECE  13.ER 

3  '  •  7o 

95.  33 

a  3  .  7  3 

55 . 3i 

93.3  3 

100.00 

FALL 

92.25 

>5.54 

97 .57 

»  f  •  4  1 

9°.  74 

100. JO 

WINTER 

39.^2 

97.5* 

9o  .  3  = 

5  > .  3  0 

49. 30 

100. 00 

SPRING 

59  •  c  5 

9  5.5? 

92.5  1 

9  >  .  4  0 

49 . 4  ) 

100.00 

SU^'-E  R 

5  7.23 

>5.04 

v  4  .  5  7 

4  9.0  5 

100.00 

A.ViU  \L 

5  9.^4 

9  5.29 

97.37 

9  9  •  4  4 

v9.53 

100. 00 

TABLE  29.  50,  90,  95,  97.5  And  99  Percentile  Values  Of  The  Differences 

In  Wind  Direction  (Degrees),  Berlin  And  Lindenberg,  At  700 
Millibar,  1200  Hours  GMT  (1974-78,  1981) 


50TH  PEKC 

9JTH  P£RC 

95TH  P  E  <C 

97.5  PERC 

99 TH  PERL 

JANUARY 

5.0 

20.0 

35.0 

3  .  t> 

60.0 

FE3RUARY 

10.  0 

30.5 

40.0 

*♦5.0 

60.0 

MARCH 

5.0 

25.0 

50.0 

56.5 

70.0 

APRIL 

10.0 

3  3.0 

76.? 

36.3 

111.3 

MAY 

1C.0 

3  L.O 

5  5.0 

72.0 

86.2 

JUNE 

10.0 

45.0 

55.0 

72.3 

96.9 

JULY 

10.0 

25.0 

*2.2 

al  .4 

65.0 

AUGUST 

1C.0 

42.5 

73.  8 

3  5.9 

100.0 

SEPTEM3ER 

5.0 

30.0 

47.5 

71.3 

121.3 

OCTOaER 

5.3 

25.0 

30.0 

93.6 

119.0 

NOVEMBER 

5.0 

16.  5 

30.0 

75.0 

90.9 

DECEMBER 

5.0 

25.0 

37.3 

71.1 

84.3 

-  INTcR 

5.0 

30.0 

36.  3 

<«o.9 

78.0 

SPRING 

10.0 

27.  5 

55.  n 

31.9 

98.5 

SOMMER 

10. C 

•♦0. 0 

c5.c 

7  0.0 

41.8 

fall 

c  .'j 

2  6.0 

41.8 

7  3.3 

9  b.3 

ANNU  4L 


10.0 


IK"* 


7  3.0 


Q5.0 


TABLE  30.  Percent  Occurrence  Of  The  Differences  In  Wind  Direction 

(Degrees),  Berlin  And  Lindenberg,  At  500  Millibar,  1200 
Hours  GMT  (1974-78,  1981) 


0-2  5 

3  3  -  3  1 

4  0  -  17 

5 j- l 1 7 

■?  •  f',  1 

l  w  V  —  .  -f  : 

JANUARY 

9  7 . 89 

’.11 

0.09 

3.9) 

9.9  0 

FE33UAEY 

8  6.1- 

5.  43 

4.54 

1.7: 

9  .  0  j 

9  4  .  A  H 

5.54 

:• .  1 9 

c .  ) 

9  .  ^  j 

A  ?  *  I L 

90.43 

5.2’ 

Z  .  4  1 

.  '  7 

.  ;■  7 

MAY 

9  2.34 

4  .  <*  4 

’.41 

•7.3  3 

9.30 

JUNE 

39.53 

5.  31 

1.14 

1.  1  0 

0.9  5 

JULY 

93.41 

5.  *.  9 

1.19 

U.  00 

9.00 

AUGUST 

9A.  19 

3.  11 

9.90 

j .  90 

0.90 

SEPTEM.dE-l 

9  3.33 

5.  I  ) 

.’4 

G  .  9  9 

.74 

C  C  T  U  3  E  P 

94.07 

’.44 

0.99 

1 .  4 

.  74 

N  0  V  E  M  4 1  3 

95.73 

3.4’ 

0.09 

.  »5 

9 . 0  C 

C  t  C  E  13c  ^ 

91.01 

4.  74 

1.12 

1.13 

o. :  j 

FALL 

54. 32 

3.11 

.  ’  4 

.  7  ; 

.  c  c 

WI  NTZ-1 

51.5c 

5  .  ’  4 

2.11 

1.53 

0.00 

5  P  -U  )  5 

9?  .54 

5.3  7 

1  •  7  ■* 

.  '  > 

.  ■  J 

SUMME  -I 

9  3 . 2  o 

4.75 

.71 

.  1  T 

0 .  )  , 

AN  «UAL 

53.02 

4.7  3 

I  .  1  - 

.  9 

•  V 

•  —  -7 

TABLE  31.  Cumulative  Percent  Occurrence  Of  The  Differences  in  Wind 

Direction  (Degrees),  Berlin  And  Lindenberg,  At  500  Millibar 
1200  Hours  GMT  (1974-78,  1981) 


0-Z9 

30-5  9 

5  G  -  ?  o 

4  W  —  1  L  i 

1  c  0  - 1 »  0 

15  0- 

JANUARY 

97.39 

l  )D. 00 

1  30.00 

1 0u. 9  ; 

L  0  0.00 

i  0  0. 

i  n 
j  xj 

F2  -39'JAAY 

88.  L4 

9  3.  37 

■  -  • 

1  '  J  .  0  3 

1 00.00 

IOC. 

0 ) 

■n  5  3  h 

94.44 

ICO.  00 

l'>0. 90 

1  '  w  .  3  J 

120.00 

103. 

00 

IL 

°0 . 4  3 

9  5.o5 

3  !  .  25 

c*  ~r .  1  3 

L  0  0 .  9  u 

10C  . 

)  '0 

MAY 

92.88 

9  7  .  3  2 

10  ..2  0 

i :  j  .  o : 

L  0  9 . 0  0 

100. 

0  j 

JU'.r 

8^.53 

^  5  .  3  8 

9s.  51 

?  V  .  5  7 

9  7.  s7 

100. 

00 

JULY 

93.41 

5  3.90 

100.00 

L  -9  •  3  w/ 

12C.  0  0 

1GC. 

.  0 

AUGUST 

98.1 9 

LOO. 30 

100 . 90 

lll.OO 

100.00 

IOC. 

3  2 

S£2TFM3=9 

93.33 

9  3.52 

99.38 

•>  9  .  2  s 

1 00.00 

10c. 

0  0 

CCT3?£-* 

94.07 

9  7.04 

97.04 

9  .  5  3 

9-9.20 

10c. 

0  0 

N  Q  V  £  M  3  £  R 

95.73 

9  5.  18 

9  0.15 

1  u  J  .  0  J 

100.00 

100. 

CO 

D£ C£  «7>E  P 

91.01 

9  7.75 

9  3.36 

1 : j. 00 

1  j  G  .  0  0 

10  2. 

\  r> 

FALL 

9  4.32 

1  3  .  1  9 

73.55 

9  ,  .  7  2 

4  3.  7., 

100. 

> 

W  I  .  T  Z  -1 

91.86 

5  o  .  3  4 

9-  .  95 

1 : . .  00 

1  j  0 . :  0 

ICO  . 

'  0 

SP%rr, 

92.64 

9  7.ol 

9-9.41 

-».?.* 

1 00.00 

10  0. 

0  ? 

S  J  M  M  Z  i 

9^.2: 

5  9.23 

TSm 

0  ' 

*  7  •  . 

:•  -3 . :  -» 

1  oc . 

,  ; 

t  NS  J  V_ 

9  ?  .  C  2 

9  7.75 

O'.  31 

:  9  .  6  i 

•»  •  .7  7 

1  0'9  . 

v j  yj 

TABLE  32. 

50,  90,  95,  97.5,  And  99  Percentile  Values 
In  Wind  Direction  (Degrees),  Berlin  And 
Millibar,  1200  Hours  GMT  (1974-78,  1981) 

Of  The  Differences 
Lindenberg,  At  500 

50TH  PERC 

ROTH  PER 

C  95  TH  PFRC 

3  7.5  P  E  R C 

99TH  PERC 

JANUARY 

5.0 

15.0 

20.0 

2  0.0 

20.0 

FEBRUARY 

7.5 

40.5 

50.0 

72.4 

85.0 

MARCH 

5.0 

15.0 

30.0 

3  5  .  J 

35.0 

APRIL 

10.  0 

20.0 

45.0 

t>  7 . 5 

111.5 

MAY 

5.0 

25.0 

34.0 

44.0 

66.2 

JUNE 

10.0 

2  9.0 

55.0 

117.3 

160.0 

JULY 

5.0 

25.0 

32.2 

3  0.0 

50.0 

AUGUST 

10.0 

20.0 

25.0 

5  1.3 

35.0 

SEPTEMBER 

5.0 

25.0 

35.0 

41.9 

91.0 

OCTOBER 

5.0 

20.0 

25.8 

*>3.1 

127.8 

NOVEMBER 

5.0 

20.0 

25.0 

30.0 

59.4 

DECEMBER 

5.0 

20.0 

35.0 

4  1.  7 

67.7 

WINTER 

5.0 

25.0 

35.  3 

j  0  .  3 

85.7 

3?R  I  ,93 

5.0 

25.0 

35.0 

pO..1) 

78.5 

SUMME R 

5.0 

25.0 

35.0 

5  0.0 

77.2 

fall 

5.0 

20 . 0 

31 .  ° 

4  5.0 

10*'.  0 

ANNUAL 

5.0 

25.  ) 

3  5 . 0 

5  0.0 

0  0 ,  n 

V\ 
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TABLE  33. 

Percent  Occurrence  Of 

The  Wind- 

Shear  (Knots) 

Between  Berlin  ■ 

And  Lindenberg  At  The  Surface 
1981) 

,  1200  Hours 

GMT  1974-78, 

: 

■ 

• 

• 

0  TO  2 

3  n  s 

6  r  3 

7  >  TO  11 

12  TO  14 

07  1=  j 

JANUARY 

*1.05 

4  3.19 

1  3 . 4  7 

2.11 

3.0  0 

3.1.  j 

F  £  3  ». 1 J  A  R  Y 

3*. 51 

5  3  .  4  7 

4.^ 

2.9  7 

0.00 

0.  .'0  j| 

*  A  R  C  H 

25.93 

5  3.70 

1  3  .  2  7 

4.53 

•  7  3 

I 

•  *3  .4 

•  7  _ 

APRIL 

3  1.3C 

4  4.  35 

1  3  .  To 

4.33 

1.7  4 

o.ju  ' 

M  A  Y 

3  9.32 

41.96 

17.36 

2.6' 

.  -;<> 

1.77  | 

1 

JUNE 

2  5.53 

39.53 

23 . 3  5 

3.14 

3.4  7 

0 . 0  9  9 

0 

JULY 

34.07 

4  2.36 

lc  .3  3 

5.44 

1.10 

i.io  :• 

AUGUST 

39.05 

43.00 

17.14 

.95 

.45 

1.40  | 

StPTEIBE? 

34.07 

4  7.41 

13.33 

2.22 

.74 

e.«  ' 

GC  TC3ER 

45.19 

4  3.  74 

.  3  7 

4.4  4 

.74 

o.oo 

NOVEMBER 

32.46 

4  5.30 

11.11 

.35 

2  •  5o 

i.  71  | 

DEC£*BER 

37.03 

i*.  )4 

12.35 

2.25 

2.25 

1.12  >■ 
•r 

Fall 

39.23 

46.44 

11.11 

2.5, 

1.24 

i.^9  ;; 

winter 

3?. 95 

4  3.  32 

10.1° 

_  •  “*  v> 

.  7  J 

i.40  | 

?  P  4  l  \’G 

3  0,75 

4  3,37 

1 6 . 7  2 

I  •  •  ) 

1  ■»  ' 

A.  •  *.  9 

.40  ■:; 

5U--E  4 

33.33 

9  7.74 

l  ’  .  i  '* 

*1  •  i 

1.77 

7.o,  $ 

A  r:<:  \ l 

3  5.59 

4  *  .  .  1 

13.3  •; 

J>  .  7  9 

1.2- 

i.:,  2 

1 


™  •*-  »K::r;!;r.“.rs:=.r.r~'“;"":  sr  -» 

GMT  (1974-78,  1981) 


I 

'} 

\ j 

V 

V 

l 

I 

1 

i 


0  TO  2 

3  n  s 

5  T9  3 

-  fi  Li 

L  L  n  14 

or  15 

3 

V 

y 

V 

i 

JA,«U<UY 

41. OS 

61.05 

94.13 

9S-64 

96-84 

100.00 

■ 

FE  3P.'JA*Y 

38.61 

>2.  33 

»7 .93 

Li).  '•  J 

1 jo.:o 

100.70 

p 

■/> 

\\ 

“A-iCH 

25.9  3 

7  5.53 

n  : .  -  2 

5  -v .  1 5 

5">.  3  7 

100.00 

Y» 

4?9IL 

31.30 

7  3.  55 

5 .  5i 

-5.2  j 

1  jo.  >j 

ICC. 30 

i 

MAY 

34.82 

7-,.  79 

9- .  ‘  ♦ 

-7.38 

,3.21 

ICO. 00 

V 

•  • 

•  j 

JUNE 

25.58 

55.  12 

5  “ .  3  7 

5  •;  .  5  i 

103.30 

100. JO 

■ 

*  » 

■  1 

/ 

JULY 

34.07 

7  5.92 

0  2  •  31 

‘f  7  •  5  0 

•  7  U 

100.00 

ZJ 

AUGUST 

3°  .05 

79.  )4 

96  •  1  ~ 

-  7 . 1 4 

96.10 

1 0  0  •  j  0 

S=PTc83E9 

34.07 

3  1 .  *♦  3 

94.3  1 

.7.04 

9  7.7  c 

100.00 

J 

£] 

0CT03E  K 

45.19 

8  9.93 

94  .  31 

7  5 

1  50.-3  0 

10c. 00 

i 

.'JOVS-.^EP 

38.4o 

8  3  .  7  t 

04  .  a  7 

0.73 

9  i  .  7  5 

190.00 

37. oe 

J  2 . 07 

H,3! 

<  0 .  c  3 

*  J  •  ^  J 

IOC. CO 

1 

FALL 

39.23 

33.72 

34  .  •>  1 

-♦7.  -? 

3 :  .  7  1 

100. jo 

* 

WINT-* 

33.95 

35.  75 

9  s.  .44 

c  7  •  1  ^ 

?  5  .  c  0 

IOC.  0-3 

?! 

S?.3InG 

30.75 

77.  31 

0  <,  .  "»  3 

-7.  U 

-9.1  0 

ICO.  ;  : 

| 

SJ.i-'E  * 

33.31 

7  t .  1 1 

^7  .  5  -• 

•ill) 

c  .  ,  <4 

1 0  0 . ,  0 

» 

■ 

annual 

35.69 

39.2  3 

^.1) 

1  C  .  n 

10c .  :-o 

> 

| 
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■ 

••XN.V’-V.V.’/' 

V^VVV'.v 

s'V 

.  -v-\ 

TABLE  35.  50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The  Wind-Shear 

(Knots)  Between  Berlin  And  Lindenberg  At  The  Surface, 

1200  Hours  GMT  (1974-78,  1981) 


50TH  PERC 

70 TH  PERC 

95TH  PERC 

97.5  PERC 

99TH  PERC 

JANUARY 

3.5 

7.5 

3.4 

17.4 

21.2 

FEBRUARY 

3.5 

5.7 

7.1 

3.6 

9.9 

MARCH 

4.0 

7.5 

9.5 

10.0 

14.7 

APRIL 

4.0 

7.3 

9.2 

9.9 

12.4 

MAY 

4.0 

7.5 

9.1 

ll.  1 

22.2 

JUNE 

4.6 

8.9 

10.1 

12.2 

12.6 

JULY 

4.1 

8.0 

9.9 

12.0 

13.9 

AUGUST 

3.4 

7.1 

3.5 

10.6 

23.0 

SEPTEN8ER 

3.5 

7.1 

8.4 

15.3 

22.6 

OCTOBER 

3.1 

8.4 

3.3 

11.2 

12.6 

NOVEMBER 

3.6 

6.9 

9.3 

13.3 

36.0 

OECEMBER 

3.8 

7.1 

9.3 

13.6 

14.7 

WINTER 

3.5 

7.0 

9.0 

10.0 

15.7 

SPRING 

4.0 

7.5 

9.3 

10.7 

16.6 

SUMMER 

4.0 

8.1 

9.7 

12.1 

16.1 

FALL 

3.4 

7.0 

'>.0 

12.2 

1 .  5 

ANNUAL 

3.7 

7.  3 

9.  4 

11.7 

13.3 

TABLE  36.  Percent  Occurrence  Of  The  Wind-Shear  (Knots)  Between  Berlin 
And  Lindenberg  At  1000  Millibar,  1200  Hours  GMT  (1974-78, 
1981) 


0  TO  2 

3  TJ  5 

6  TO  3 

9  TO  11 

12  TO  14 

r  t  -  ^ 
j  i  *  7 

JA9UA4Y 

26.32 

45.26 

14. 74 

11.5  3 

>.00 

2.11 

FE3?UA4Y 

2  8.71 

53.47 

9.90 

4.45 

.99 

1.4’ 

MAKCH 

25.00 

52.7  3 

16.67 

3.70 

.93 

APSIL 

26.96 

4  5..': 

21.74 

5.22 

.  37 

c  •  so 

MAY 

31.25 

46.43 

16 .9& 

3.57 

.  39 

•  :  9 

JUNt 

22.09 

45. 35 

22.09 

6.9  i 

3.4/ 

•: . :  o 

JULY 

29.67 

43.35 

Is  .  3  3 

5.49 

1.10 

0.^0 

AUGUST 

30. 4£ 

51.43 

14.29 

2.36 

.95 

c.  j: 

5EPTE13E3 

31.11 

4  2.70 

17.7  * 

2.22 

1.43 

3.70 

QC  TQ3  E 

33.3  3 

4^.39 

12.59 

3.70 

1.4  5 

C.  20 

NGVc  1  3E  2 

29.06 

45.30 

12.30 

4.2  7 

1.71 

•  j  2 

0£CEM3E2 

24.83 

4  4.14 

13.43 

3.2  7 

2.25 

1  7 

FALL 

31.27 

4  5,9  9 

!  o  •  7  3 

3.?  5 

1.55 

1 .  ;c 

wI.OTE  < 

29. 0  2 

4  2.07 

12.63 

o.67 

1.55 

1.7: 

SP  <1  MG 

27.7o 

4  *  .  0  5 

13.51 

4  .  1  3 

•  7  0 

•  -  „ 

SU  ■■■lie  3 

2  7.66 

4  J. .  9  3 

17.02 

4,  1  j 

1.77 

A'. '.UAL 

2  a  .  25 

4  7.5  i 

In  .  .2  1 

4.65 

1.32 

TABLE  37.  Cumulative  Percent  Occurrence  Of  The  Wind-Shear  (Knots) 

Between  Berlin  And  Lindenberg  At  1000  Millibar,  1200  Hours 
GMT  (1974-78,  1981) 


0  TO  2 

3  TO  5 

6  T'T  d 

9  T3  11 

12  TO  14 

GT  L  5 

RY 

26.32 

71.53 

36.32 

97.3  9 

97.89 

IOC. 30 

F=  3?'JA*Y 

28.71 

3  2.13 

92  .  OS 

97.03 

93.02 

100. 30 

-A-vC4 

26.00 

77.73 

94.44 

9d.  15 

99.07 

100.33 

APRIL. 

26.96 

72.  17 

93.91 

39.13 

100.00 

100. 30 

SA  r 

31.26 

77.63 

94.64 

98.21 

99.11 

100.00 

JUNE 

22. C9 

67.  44 

39.53 

96.51 

100.00 

100.30 

JULY 

29.67 

73.32 

93.  *1 

9d.90 

100.00 

100.30 

AUGUST 

30.48 

3L.ao 

96.10 

34.05 

100.00 

IOC. 30 

S£PTE"3EP 

31.11 

74.31 

92.59 

94.21 

96.3  0 

130.30 

3CTC3£R 

33.33 

32.22 

94.31 

3d.  52 

IOC. 00 

100.33 

NCVc'ISS  R 

2  9.  C  3 

74.36 

93.16 

97.4h 

99.15 

ICO.  30 

DEC£  33ER 

34. S3 

7  A.  7° 

93 .76 

3b.  3  3 

93.86 

ICO. OC 

FALL 

31.27 

77.26 

Q3.54 

9b,  J  3 

93.45 

130.33 

Wl  9T2R 

2°. 62 

77.  30 

90  .  c  3 

3  7.lv 

93.25 

100. OC 

SPRING 

27.7b 

75.  22 

9<*  .  3^ 

9  5.51 

99.40 

10". go 

S  U  "•  S  ;  R 

27. 6o 

7  S  .  2  4 

43  .  ’5 

3-.23 

100.00 

103. C3 

ANNUAL 

29.23 

75.  30 

'33.02 

97.  :7 

93.99 

ICC. J  1 

30 


TABLE  38.  50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The  Wind-Shear 

(Knots)  Between  Berlin  And  Lindenberg  At  1000  Millibar,  1200 
Hours  GMT  (1974-78,  1981) 


50TH  PERC 

3QTH  ?  E  R  C 

95T:3  occc 

V7.5  PERC 

99TH  PERC 

JANUARY 

4.4 

9.2 

10.  1 

1‘,  > 

21.2 

FEBRUARY 

4.C 

7.3 

9.3 

11.9 

25.0 

MARCH 

4.2 

7.3 

9.  1 

9.4 

14.7 

APRIL 

4.3 

3.1 

9.0 

11.4 

11.7 

MAY 

4.4 

7.o 

8.5 

9.4 

15.8 

JUNE 

4.8 

B. 3 

10.4 

12.0 

12.5 

JULY 

4.3 

7.4 

9.4 

LI. 4 

11.9 

AUGUST 

3.5 

7.0 

8.4 

9.4 

10.8 

SEPTEMBER 

4.1 

7.4 

12.2 

13.3 

25.0 

OCTOBER 

3.7 

7.0 

8.8 

10.3 

13.1 

N0VEM3ER 

4.2 

7.8 

9.7 

11.4 

14.2 

DECEMBER 

4.0 

7.3 

10.0 

13.1 

14.2 

WINTER 

4.0 

3.5 

10.0 

12.3 

21.8 

SPRING 

4.3 

8.0 

9.0 

10.5 

14.3 

SUMMER 

4.2 

3. 0 

9.4 

LI. 2 

12.2 

FALL 

4.0 

7.5 

9.  ° 

1  P.d 

It  .5 

ANNUAL 

4.  1 

7.9 

Q.6 

11.5 

14.9 

TABLE  39.  Percent  Occurrence  Of  The  Wind-Shear  (Knots)  Between  Berlin 


And  Lindenberg  At  850 
1981) 

Millibar, 

1200  Hours 

GMT  (1974- 

78, 

0  13  2 

3  n  5 

6  TO  8 

9  TO  11 

1  2  TO  14 

GT  L  5 

JANUARY 

7.37 

35.34 

17.  99 

14.74 

11.58 

11.58 

FEBRUARY 

13.36 

47.52 

25.74 

4.95 

5.94 

1.  V8 

MARCH 

21.20 

31.43 

25.93 

9.2* 

6.4d 

5.50 

APRIL 

25.22 

33.34 

25.22 

7.23 

2 . 6  i 

6. 09 

HAY 

1 A  .  29 

49.11 

18.75 

10.71 

4  •  4tj 

2  •  o  6 

JUNE 

29.07 

37.21 

17.44 

9.33 

3.49 

3.49 

JULY 

17. 5o 

43.96 

23.67 

5.49 

3.30 

1.10 

AUGUST 

20.95 

41.90 

2  3.31 

9.52 

1.90 

1.90 

SEPTE13ER 

19.26 

35.53 

22.95 

11.35 

3.70 

6.  o7 

ccnetR 

21. 48 

37.04 

17.73 

12.59 

3.70 

7.41 

N0VE.M3ER 

11.97 

33.45 

17.95 

12.32 

10.26 

e.55 

Dt  CE  **3 1  R 

16.85 

23.09 

22.47 

15.73 

7.87 

8.09 

FALL 

17.83 

39.  95 

19.64 

12.40 

5. 08 

7.49 

WI  4TER 

12.63 

3  7.  39 

22  .11 

11.5  3 

8.42 

7.37 

SPRI  J3 

20.30 

3  7.91 

2  3.23 

9.25 

4.48 

4.73 

SU* -E  R 

22.34 

4  1.1’ 

2  3.40 

3.  lo 

2.8  4 

2.13 

ANNUAL 

1  3 . 3 1 

3  3.32 

21.06 

1  •  j  .  4  7 

5.35 

5.59 

52 


TABLE  40.  Cumulative  Percent  Occurrence  Of  The  Wind-Shear  (Knots) 

Between  Berlin  And  Lindenberg  At  850  Millibar,  1200  Hours 
GMT  (1974-78,  1981) 


0  TO  2 

3  ru  5 

6  r*i  3 

9  13  LL 

12  TO  14 

GT  Iz 

JANUARY 

7.37 

44.21 

62.11 

7b.  34 

33.42 

100.00 

F£9  R'JA  RY 

13.26 

*1.  39 

87.13 

92.0  > 

98.02 

100. OC 

MARC1-' 

21.30 

52.7  3 

73.70 

;7. 7a 

94.44 

O 

• 

O 

£•* 

H 

AP  R I L 

25.22 

5  3.25 

83.*  3 

-L.  30 

93.91 

100.00 

MAY 

l*  •  29 

6  3.39 

p  2 . 1 4 

c2  .  so 

97.32 

100.00 

June 

29.07 

5  5.22 

43.72 

73.02 

96.51 

100.00 

JULY 

17. 5o 

61.5* 

90.11 

95.60 

98.90 

100.00 

AUGUST 

20.95 

52.  36 

56.67 

96.19 

95.10 

100.00 

SEPTEM.3EP 

i<J.2b 

3  4.31 

77. 75 

59.63 

93.33 

0 

■cy 

9 

0 

•—4 

ocroaER 

21.4.3 

5  8.52 

76.30 

c  6  •  *  9 

92.59 

10c. 00 

NG YE  13c  R 

11.97 

5  ) .  4  3 

64.7  s 

0 1  *  2  3 

91.45 

100. 00 

DECE13ER 

16.35 

*  4 . 4  4 

6  7  .  *  2 

5  i  .  1  5 

91.01 

100.  jO 

FALL 

17.  33 

5*.  73 

7*  .42 

*6.32 

92.51 

100. jC 

n  I  4  T  E  R 

12.63 

6  3.33 

7  7.57 

’<♦.  2  L 

92.63 

10c. 00 

SPRI'JG 

20.  30 

5  3.21 

5  l .  *  3 

-  J  .  7  3 

95.22 

100.0  0 

SUMMER 

2  2.34 

53.43 

8o  .  72 

.  34 

9  7.27 

100.00 

A  i.MUAL 

1 «  .  3  1 

5  5  •  3  1 

7  3.57 

■»  4  •  0  j 

9“  .  4  I 

100.00 

53 


TABLE  41.  50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The  Wind-Shear 

(Knots)  Between  Berlin  And  Lindenberg  At  850  Millibar,  1200 
Hours  GMT  (1974-78,  1981) 


50TH  PE  RC 

90  TH  PERC 

9 5TH  PFT.C 

97.5  PERC 

99TH  PE 

JANUARY 

7.1 

15.1 

17.5 

19.0 

20.4 

FEBRUARY 

4.9 

9.5 

13.2 

14.7 

15.1 

MARCH 

5.5 

12.8 

16-4 

23.7 

36.0 

APRIL 

5.1 

11.3 

15.0 

15.7 

19.3 

MAY 

4.9 

11.2 

12. e 

14.5 

16.6 

JUNE 

4.2 

10.2 

14.6 

15.1 

15.3 

JULY 

5.0 

3.8 

11. 0 

13.9 

14.3 

AUGUST 

4.7 

10.3 

11.3 

13.1 

16.7 

SEPTEMBER 

5.3 

11.3 

15.3 

19.7 

23.5 

OCTOBER 

5.2 

13.0 

17.4 

21.0 

25.9 

NOVEMBER 

5.9 

13.7 

16.4 

19.5 

27.5 

0ECEM9ER 

6.3 

13.0 

19.4 

21.9 

22.3 

WINTER 

5.9 

13.7 

16.  6 

20.5 

22.8 

SPRING 

5.1 

11.7 

14.6 

17.0 

24.3 

3U-MER 

4.8 

9.9 

11.6 

14.5 

16.2 

FALL 

5.5 

13.2 

17.4 

19.7 

23.6 

AN MU  \L 

5.2 

12.  3 

15.1 

13.1 

22.0 

i 
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.-.v.v. 
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TABLE  42.  Percent  Occurrence  Of  The  Wind-Shear  (Knots)  Between  Berlin 


And  Lindenberg  At  700 
1981) 

Millibar, 

1200  Hours 

GMT  (1974- 

78, 

0  TO  2 

3  T)  5 

6  TO  3 

9  TO  11 

12  TO  14 

GT  1 5 

JANUARY 

12.63 

40.00 

25.26 

10.53 

7.3/ 

4.21 

FEBRUARY 

18.81 

30.69 

30.4  9 

15.24 

1.93 

1.^2 

MARCH 

23.15 

33.  39 

14.4  7 

■9.2, 

7.4; 

4.  -.3 

APRIL 

27.33 

33.04 

33.43 

4.5  7 

4.35 

1.74 

may 

29.^6 

31.25 

21.43 

12.50 

2.63 

2.  c  2 

JUNE 

24.  *2 

4  1. 70 

25. 5* 

b  .  9  ; 

1.16 

1.14 

JULY 

29.67 

35.25 

20.33 

2.2  0 

6.59 

4.4  0 

AUGUST 

29.52 

37.  L 4 

23.31 

6.67 

.  95 

1.90 

SEPTEMBER 

26.67 

37.78 

17.73 

d.  39 

6.67 

2.2  2 

OCTOBER 

18.52 

45.93 

17.73 

8.39 

3.70 

5.19 

NOVEMBER 

2  2.” 

2^.06 

26. *1 

9.40 

7.59 

1.71 

OECEH^ER 

20.22 

3  7.03 

2  3.3? 

d  .  9  v 

3.9  6 

4.  -*3 

FALL 

2  2.4c 

3  7.93 

21.45 

9.04 

5.94 

3.  i  j 

WINTER 

17.19 

36.  79 

2  5,41 

11.93 

5  . 

3.5  1 

SPRING 

26. 0  7 

34.33 

2  v .  70 

10.45 

4.73 

2  .  ^ 

SUMMER 

2  8.01 

3  7.94 

2  3.4) 

5.32 

2.34 

->  - 
7  •  *T  > 

ANNUAL 

2  3. 4o 

3  i .  -  4 

7  i  ^ 

> .  -  3 

4  .  ->7 

3..3 

55 


TABLE  43.  Cumulative  Percent  Occurrence  Of  The  Wind-Shear  (Knots) 

Between  Berlin  And  Lindenberg  At  700  Millibar,  1200  Hours 
BMT  (1974-78,  1981) 


0  TO  2 

3  T3  5 

4  n  3 

9  n  .1 

12  TC  14 

GT  15 

JANUARY 

12.63 

52.63 

77.  30 

8o.  **2 

95.79 

100.00 

FE 3RUARY 

13.31 

49.  50 

30.29 

96.94 

98.92 

100.00 

march 

23.15 

62.34 

73.70 

37.3b 

95.37 

100.00 

APRIL 

27.33 

•50. 37 

34.3  5 

93.  U 

98. 2o 

IOC. JC 

MAY 

2  9.46 

5  3.  71 

32.14 

5  4.54 

97.32 

100. j 3 

JJNE 

24.42 

6*.  1? 

00.79 

37.  ->7 

93.24 

100. 00 

JULY 

29.67 

55.93 

36.31 

e  n  .  j  i 

95.50 

100.00 

AUGUST 

29.52 

65.57 

°  0  •  4  3 

57.14 

96.10 

100.09 

SEPTEM3ER 

26.67 

54.44 

3  2.2  2 

61.11 

97.75 

100.03 

OCT03ER 

18.52 

64.44 

° 2  .  22 

91.11 

94.81 

100.00 

NOVE  M3ER 

2  2.22 

51,23 

"1.29 

5  0.53 

93.29 

ICO. 30 

DECEMBER 

20.22 

5  7.  39 

7  7.53 

56.52 

95.51 

100.09 

FALL 

22. 4fc 

6  9.47 

31.">l 

0Q.3o 

9fc  . 

10G.G0 

WINTER 

17.19 

62.93 

7  5.63 

c0. 3  3 

5b  .  4  v 

100. 30 

SPRING 

2  6.37 

61.19 

31.  70 

92.24 

97.  :i 

100.03 

SUMMER 

23.01 

6  5.96 

3Q.36 

6  4  .  >  j 

9T.32 

ICO. 09 

annual 

2  3.66 

6  3.29 

32 . 7  3 

52.01 

9  6  .  -  7 

IOC. 30 

36 


TABLE  44. 

50,  90,  95,  97.5, 
(Knots)  Between 
Hours  GMT  (1974 

And  99  Percentile  Values 
Berlin  And  Lindenberg  At 
-78,  1981) 

Of  The  Wind-Shear 
700  Millibar,  1200 

50TH  PERC 

ROTH  PERC 

1 5  TH  PUC  J7.5  PcRC 

99  TH  P 

JANUARY 

5.4 

12.  1 

14.3 

1  3 

22.3 

FEBRUARY 

6.0 

10.0 

11.5 

14  0 

17.8 

MARCH 

4.8 

12.5 

14.1 

17.2 

23.1 

APRIL 

4.7 

10.2 

12.2 

14.2 

19.8 

MAY 

4.4 

10.7 

12.1 

L*  .  3 

18.0 

JUNE 

4.  1 

5.6 

10.  3 

11.4 

14.1 

JULY 

4.6 

12.7 

14.  1 

17.4 

18.6 

AUGUST 

4.6 

5.9 

11. 0 

12.5 

15.1 

SEPTEMBER 

4.5 

11.3 

13.3 

16.  3 

25.6 

OCTOBER 

5.0 

11.3 

14.2 

21.7 

27.1 

NOVEMBER 

5.5 

10.7 

12. P 

14.4 

19.7 

DECEMBER 

5.4 

12.8 

14.7 

15.3 

16.6 

*  INTER 

5.5 

LI.  7 

14.2 

l  b  m  b 

2  C  ,  5 

SPRING 

4.7 

10.9 

13.0 

l~> . 1 

23.5 

SUMMER 

4.  A 

1.1 

12.7 

14.9 

16.4 

FALL 

5.0 

LI. 7 

13.1 

11.5 

2  2.5 

1 3 .  ° 


ANNUAL 


4.0 


10.  1 


16.  T 


2^.4 


TABLE  45.  Percent  Occurrence  Of  The  Wind-Shear  (Knots)  Between  Berlin 
And  Lindenberg  At  500  Millibar,  1200  Hours  GMT  (1974-78, 
1981) 


0  TO  2 

3  T  3  5 

4  8 

4  TO  LI 

12  TG  14 

GT  15 

JANUARY 

8.<>2 

2  4.21 

30. F3 

It;.  34 

6.32 

13. 

CE  r^'JA^Y 

11.83 

40.50 

24. 75 

3.01 

6.03 

6  •  /  3 

M  A  <  C  H 

14.51 

3  7.  iS 

23.15 

12.04 

3.70 

8.33 

APRIL 

11.30 

3  5.65 

Vi  .57 

10. 43 

6.9b 

5.09 

"AY 

24.11 

3  7.50 

20.44 

10.71 

3.57 

3.57 

JUNE 

25.53 

33. 72 

2  3.26 

6.93 

4.65 

5.51 

JULY 

23.  ca 

3  3.46 

17.53 

9.  39 

2.20 

8.79 

AUGUST 

15.24 

40.52 

24.76 

4.7  a 

2,36 

2.36 

SEPTEMBER 

15.56 

37.  34 

13.42 

14.07 

7.41 

7.41 

CCT33ER 

20.74 

37.04 

20.74 

9.63 

3.70 

6.15 

9QVE13SR 

15.33 

27.  35 

27.35 

17.09 

5.13 

7.59 

DECE13ER 

14.61 

2  3.  JQ 

’1.46 

11.24 

4.74 

7.3  7 

fall 

17.31 

3  4.11 

21.06 

13.44 

5.43 

7.  75 

WlNTE  * 

11.53 

3  1.23 

2o.7? 

l<L  .  2  i 

6.57 

9.47 

s  ?  -i  r  *i  g 

16.72 

3  7.31 

24.43 

11.34 

4.76 

5.  37 

S IJ  4  "  E  2 

20.02 

41.13 

2 1 .  °  Q 

7  .  0  i 

3.19 

5.  ;  7 

ANNUAL 

16.68 

35.  75 

7s  .  13 

11.17 

5.94 

7.21 

58 


TABLE  46.  Cumulative  Percent  Occurrence  Of  The  Wind-Shear  (Knots) 

Between  Berlin  And  Lindenberg  At  500  Mililbar,  1200  Hours 
GMT  (1974-78,  1981) 


0  TO  2 

3  T3  5 

4  T  0  3 

0  T  1  1L 

12  TQ  14 

CT  15 

jahua  >.r 

3. HZ 

33. 

6  3.15 

60.0  0 

3  6.32 

100. 00 

FEBRUARY 

11.3o 

5  3.43 

7  7.73 

86.14 

4  .  07 

1 00 . Z 0 
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TABLE  47.  50,  90,  95,  97.5,  And  99  Percentile  Values  Of  The  Wind-Shear 

(Knots)  Between  Berlin  And  Lindenberg  At  500  Millibar, 

1200  Hours  GMT  (1974-78,  1981) 


50TH  PERC 

93  TH  PERC 

95TH  PERC 

97.5  PERC 

99TH  PERC 

JANUARY 

7.7 

16.1 

IB.  3 

20.3 

21.4 

FEBRUARY 

5.6 

13.0 

19.5 

2B.7 

32.5 

MARCH 

5.2 

12.0 

19.  6 

2  0.  3 

23.3 

APRIL 

6.0 

13.3 

15.1 

13.3 

32.4 

MAY 

5.0 

11.0 

13.7 

16.5 

23.7 

JUNE 

4.  S 

12.2 

17.3 

19.4 

25.2 

JULY 

4.7 

12.4 

16.0 

21.1 

22.7 

AUGUST 

5.0 

9.0 

12.0 

14.3 

16.9 

SEPTEMBER 

5.3 

13.4 

17.0 

39.3 

44.0 

OCTOBER 

5.2 

13.9 

17.7 

22.7 

28.5 

NOVEMBER 

6.7 

14.0 

17.1 

19.7 

31.0 

DECEMBER 

6.5 

14.0 

19.6 

i  0  •  6 

43.6 

WINTER 

6.5 

14.3 

19.4 

2  7.5 

43.7 

SPRING 

5.5 

12.1 

15.  6 

20.9 

26.9 

SUMMER 

4.9 

11.7 

15. « 

17.2 

20.9 

FALL 

5.9 

13.9 

17.7 

2  2.1 

34.6 

ANNUAL 

5.7 

13.1 

17.  1 

c  1.  3 

32.6 
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1 

-RD-DE 

1 

-RD-DE-TS,  Mr.  T.  Honeycutt 

1 

-RD-DE-SD 

1 

-RD-DE-PA 

1 

-RD-SD 

1 

-RD-ST 

1 

-RD-ST-DC 

1 

-RD-PR 

1 

-RD-PR-M 

1 

-RD-TE 

1 

-RD-TE-P 

1 

-RD-TE-F 

1 

-RD-SS 

1 

-RD-SS-SD 

1 

-RD-SS-AT 

1 

-RD-AS 

1 

-RD-AS-MM 

1 

-RD-AS-SS 

1 

-RD-GC 

1 

-RD-RE,  Dr.  Hartman 

1 

Dr.  Bennett 

1 

Ms .  Romine 

1 

-RD-RE-AP,  Dr.  Essenwanger 

25 

Mr.  Levitt 

25 

Dr.  Stewart 

1 

Mr.  Dudel 

1 

-RD-RE-QP 

1 

-RD-RE-OP 

1 

-RD-CS-R 

1  5 

-RD-CS-T 

1 

-GC-rP,  Mr.  Bush 

1 

HIST  9/  (1)1  ST  10  blank) 
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